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ADVERTISEMENT. 



The Council of the Manchester Geological Society make it 
known to the Public, that the Authors alone are responsible for 
the facts and opinions contained in their respective Papers. 



ERRATA. 



Page 4, line 29, for *' combination/' read "combinations.* 

6, — 16, — "seat," read "heat." 

19, — 20, — "holopticheus," read "holoptychiu8." 

43, — 27, — "axis," read "axes." 

60, — 29, —. "Bnrdic,"read "Burdie." 

55, — 23, —.** mininuu" read ** minimus," 

57, — 14, — " sinkingB,'* read " borings." 

61, — 10, — "red stone," read "red sandstone." 

71, — 1, — "Ethertow," read "Etherow." 

82, — 27, — "Icthyology," read "Ichthyology." 

88, — 7, — " Parron," read " Parson." 

188, — 26, — "plate II," read "plate VIII." 

190, — 26, — "plate II a," read "plate IX." 
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ART. I. 



On some of the Objects and Uses of Geological 
Researches. By J. Black, M.D., F.G.S., &c. 

From the earliest records of mankind, we find that the 
nature and motions of the heavenly bodies have attracted 
the attention and study of the curious and contemplative ; 
and so continued and intense has been the inquiry of the 
human mind, from the remotest ages, to gain a knowledge 
of the forces and laws which govern them, that successive 
systems have been invented, having their origin in supersti- 
tion and speculation, till, at length, one of mathematical 
proof has been deduced, on which the civilized and intelli- 
gent mind of man now rests in undiminished wonder, but in 
rational and satisfeu^tory repose. 

The sublimity of the science of astronomy, and the vast- 
ness and loftiness of its objects and laws, have carried it 
so far above any relation to what occurs in such a com- 
paratively small speck of the universe, as our globe is, that 
it is only in the calculations of our almanacs, or when we 
B 
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2 Dr. Black on some of the Objects 

traverse the surface of the ocean, or the extended desert, 
that we ever make the grand theorems of this sublime 
science subservient to our temporal and perishable purposes. 
The objects of astronomical study are transcendental, ,and 
unbounded as infinity; while their useful and economical 
bearings are few, simple, and precious : they are, as being 
of a celestial nature, far more adapted to instruct, improve, 
and elevate the immortal part of our nature, than to admi- 
nister to the desires and wants of our bodily frames. 

Leaving the lofty regions of this first of sciences, we lay 
hold on that of Geography, which, though deriving its birth 
from its celestial parent, and founded on heaven-bom laws, 
yet offers its more condescending and familiar * hand, to 
lead us in those paths of knowledge, that have a more 
diffused and intimate connection with the conditions and 
fortunes of our race. 

In the higher departments of this science, we are inform- 
ed of the configuration of the earth, the great lines of the 
distribution of land and water, and of the elevations and 
depressions of the surface, with their corresponding climates 
and productions ; and, in its more extended application to 
man, as a social being, it lays out the boundaries of nations, 
races, and families, their external political relations, and, 
finally, the sites of their cities and habitations. In all this 
extensive sphere of scientific and useful knowledge, which 
should be the object of every member of sociaj, commercial, 
or political life to acquire, it is to be remarked, that we 
have chiefly to do with the superficies of the earth — ^includ- 
ing its areas and distances. The objects of geographical 
study are all facts, open and visible, and are not dependent 
on experiment, induction, or reasoning, except a few 
which, by mathematical demonstration, are connected with 
astronomy. 

A person may, moreo^r, be well versed in geographical 
science, may have traversed the earth from pole to pole. 
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and Uses of Geological Researches. 3 

and have become acquainted with every divisional line and 
contour of its physical surface, and with every thing that 
moves and lives upon it, yet be ignorant of the world that 
lies beyond our atmosphere, and also of that great field of 
nature's works which are deposited beneath his feet. The 
one region may be as much, above as the other is beyond 
his ken ; and, as he may suppose the study of the nature 
and motions of the heavenly bodies to be far above its 
being applied to any purposes of human and practical 
utility, so he may conceive, that, beyond the bright 
metal or coal of a mine, the earth contains, like the pages 
of ancient history, little but what leads to fable, supersti- 
tion, or infidelity. 

At this stage in the order of human knowledge and 
inquiry, we have to pass into a new field of nature, which 
is no less fertile in its objects, and as wide, and often 
more recondite in the range of its study, than any of the 
two sciences which have already been mentioned. Where 
the finger of Geography points only to the surface of the 
earth, and to what grows and lives upon it; the Science, to 
which we intend to draw a little attention, takes up the 
torch of knowledge, penetrates the outer mantle of the 
globe, and carries research and inquiry into its inmost 
recesses. And what is worthy of remark, that however far 
removed the labours and study of the Geologist may appa- 
rently be from the loftier objects of astronomical inquiry ; 
and however much his progress is facilitated by a necessary 
acquaintance with the phenomena and laws belonging to 
the visible and living world, yet in the deeper investigations 
that occasionally force themselves upon his mind, he has 
occasion to revert to the subUmest of all sciences, to account 
for many of the phenomena which he often witnesses ia 
the crust of the earth. 

In the depth of a mine, or the elevation of a mountain, 
he sees many things which neither geography, botany, nor 
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4 Dr. Black on some of the Objects 

zoology can unravel, but which have a connection with the 
system of the universe, and with what is called physical 
astronomy. Thus is completed in the foundations of the 
earth, this great circle of science, which, divided by the 
limited minds of men into separate departments, is but ome 
universal system of order and formation, instituted by the 
Great Architect of nature, who made all things according 
to the pleasure of his will, and pronounced them good. 

In making the few following observations on some of 
the Objects and Uses of Geological Researches, we shall 
briefly notice, in' the first place, those objects which princi- 
pally invite our attention, from their interest and importance 
as matters of intellectual study, and again those which have 
a practical value or relation to the useful and economical 
purposes of life. 

The science of Geology, in its extended study, investi- 
gates those traces that are indelibly impressed on the outer 
crust of our planet by the successive revolutions which it 
has undergone, and attempts to elucidate the history of 
those stupendous physical actions, the effects of which we 
in so many places so conspicuously witness. It also asso- 
ciates itself with those branches of knowledge, which relate 
to mineralogy, zoology, and botany — drawing from each of 
these wide spheres of study, the important supplementary 
information regarding numerous species of beings which 
once lived on the earth, but which have long since vanished 
from the actual condition of things. Geology thus unex- 
pectedly and progressively extends our views of the various 
combination of organic forms ; and, in many instances, it 
supplies links in the chiun of nature, which were otherwise 
wanting, to complete the several terms of the series of 
organization. 

If we descend from these higher views of scientific in- 
terest, to the more practical consideration of the application 
of geology to the useful and economical arts, on which 
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social comfort, Dational wealth and power depend, we 
cannot undervalue a science which guides us to the more 
full development of our mineral resources ; which indicates 
the proper line and localities in which researches for mine- 
rals, as coal, may be most successful ; which points out' to 
the planter and agriculturist, from the strata beneath, the 
vegetable productions for which the incumbent soil is best 
adapted, and how it may be improved, or altered if unpro- 
ductive; and which instructs us in the best lines for carry- 
ing roads and canals through a country, and of selecting 
the most profitable and durable materials for public and 
private buildings. 

To the lover of science, simply for its own sake, there is 
<^ ample room and veige enough" for the exercise of the 
profoundest intellect, in the great problems of the central 
seat of the earth, and the consideration of its dynamical 
effects at different geological eras — of the nature of the ori- 
ginal envelope of the earth — and of the successive deposits 
upon its sur&ce, but which are now found in such an en- 
tombed, elevated, mingled, and disturbed condition, that it 
is a question of very refined inquiry and reasoning to ascer- 
tain which is the more primeval of all the various rocks • 
and strata, which are now accessible to our examination. 
The decreasing temperature of the globe, and its intermit- 
tent periods of local and severer refrigeration, with all their 
relations to climatorial effects on animal and vegetable life 
— aided and increased in interest by the disclosure of accu- 
mulated groups of organic remains from many parts of the 
world and from various stratified depths, also present a field 
for observation and study — ^which, while it cannot but excite 
wonder and ennoble the mind, calls for the highest powers 
of reasoning and induction, which have their analogies only 
in the more exalted departments of human knoMrledge. 

It is not easy to understand how the study of these sub- 
limer subjects of the science of geology, could ever have 
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been viewed as baving the least tendency to disparage or 
affect the &ith in revealed truth. The book of visible 
nature can never, in any well constituted and honest mind, 
be supposed to be in opposition to the page of revelation. 
It must rather be held as axiomatic, that they must be in 
perfect harmony, as they both emanate from One and the 
same Great Author, however much the oi^ans of finite and 
imperfect creatures, as we are, cannot, at all times, nor in 
many instances, perceive the exact concordance and rela- 
tion ; for we may truly with the poet say — 

"AH discord, harmony not understood; 
All partial evil, universal good.*' 

Even if the study of geology were as perfect and harmoniz- 
ing, as the most sensitive critic of the science could desire, 
ive might indeed have many more evidences of the power 
and design of the Creator brought down to our weak con- 
ceptions; but, after all, we could never in the most exalted 
or refined sphere of its studies, nor yet in any other natural 
science, find out a Redeemer, to declare whom appears to 
be the beginning and end of revelation. 

In addition to these remarks on the study of Geology, 
we, moreover, have great confidence in averring, that in the 
whole circle of the natural sciences, we know none which 
gives so much support^ if it were in the least wanted, to 
the statements of Revelation, as to the creation of the 
world and the power and interference of the Deity. We 
find, for instance, in examining the strata of the earth, that 
there was a time, before which the foundations of the hills 
were laid ; and that the world of animal life had a b^in- 
ning, from there being no evidence of organized remains 
found in the rocks beneath the transition strata, and in 
these, only the first and simple forms of animal and vege- 
table existence, such as the marine algtB^ zoophytes^ and 
some radiaria; while as we ascend through the upper 
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and more recent strata, we successively meet with the 
remains of a more developed and varied existence, both in 
animals and vegetables, till we arrive at the present order 
of beings on the surface of the earth. 

After what has been written on this subject by others, it 
is almost trite to remark, that we have the remains of these 
orders of creation entombed in the crust of the earth, with 
more or less intermixture, but yet in distinct superposition 
— all arguing such a chronological succession as is detailed 
in the Book of Genesis, with the absence, however, of any 
fossil remains of the last work of creation, namely man. 
This exception is easily explained, from the surface of the 
earth, when man became first its inhabitant, not being 
greatly different from what it now is ; and consequently his 
remains would soon become dissolved in the superficial 
covering of the deepest sepulchre, when compared with the 
conservative and still deeper tombs in which nature had suc- 
cessively deposited the remains of pre-existent life. 

The same amount of corroborative evidence from fossil 
geology, as well as from the evident succession and con- 
solidation of rocks, thus afforded to the independent 
records of Scripture, is wanting in any other natural 
science, even in Astronomy itself— the sublime objects and 
machinery of which appear of themselves to have been 
without a beginning, as they betray no tendency ever to 
change or perish. 

In all the successive orders of creation, we have many 
beautiful confirmations, that the being, whether animal or 
vegetable, was formed perfect in its parts and functions, for 
the sphere of its existence — aiid not, as has been maintained 
by some fanciful naturalists, in an imperfectedly developed 
state, to be succeeded by others of the same type in a more 
perfect growth and structure — resulting entirely from the 
innate and self-acting laws of organization, primarily im^ 
posed. For we find, for instance, the eye of the trilobite^ 



Digitized by 



Google 
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as perfect an optical instrument as that of the facetted eye 
of any recent crustaceous insect; the siphimculated and 
chambered shell of the fossil nautilus and ammonite seems 
to be as elaborate and beautiful, as the shell of any of our 
modern nautili or multilocular mollusks; and the pinnules 
and fructification of the fossil Jilices display as much beauty 
and reproductive structure as any of the ferns of the pre^ 
sent day. 

The pterodactyle is as instance where reptile animals, in 
the pristine ages of the world, were endowed with capabili- 
ties, and of course with more perfect organs, for aerial 
locomotion, than are now known to exist; and we need 
not speak of osseous and muscular development, when we 
compare that of the gigantic mastodon^ megatherium, and 
the iguanodon with what we now see in any terrestrial 
animals of the modem world. 

Tbe successive disappearance of many genera and spe- 
cies of both animal and vegetable remains, with the fresh 
appearance of others of a different genus and speciality, as 
we ascend from the ancient strata to those of more recent 
superposition, affords very instructive evidences of the suc- 
cessive acts of a Creative Power — ever ready to call into 
existence new tribes of beings, fitted for the peculiar con- 
ditions, which the surface of the earth was from time to 
time undergoing, from physical changes in land and water 
and climatorial temperature. 

But to leave these higher pursuits of the science, which 
are as ennobling as they are salutary to the mind, we shall 
next notice a few of those objects, which are more nearly 
connected with the studies of the natural sciences, in regard 
to the curiosity, interest, and utility, which they naturally 
excite and promote. It is impossible in a paper of this 
description to advert to a tithe of the vast assemblage of 
objects which lie open for the observation and investiga- 
tion of the geologist ; and it, moreover, requires, at the 
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present state of the science, no ordinary attainments, in 
either zoology, botany, or mineralogy, to be able to ob- 
serve and investigate, with intelligence and profit, any 
one of the paths which is limited to either of these three 
leading branches of knowledge : how muph more must be 
the attainments of him, who is able to bring the whole to 
bear upon the general field of geology, aided, as they must 
be, by a competent acquaintance with chemistry and natural 
philosophy. 

Such a rare amount of general knowledge is not, how- 
ever, absolutely necessary for either the pleasurable or pro- 
fitable pursuit of geological science. It will be sufficient 
to be acquainted with any odc of the above-mentioned 
subordinate sciences, to be enabled to observe with interest, 
and record with utiHty, an inexhaustible amount of objects, 
having a strict relation only to the one exclusive study. 
Even to him, who has never prepared himself by any pre- 
vious course of study in the natural sciences, to appre- 
ciate philosophically the objects of geology; yet if he 
possess common talents for observation and a contemplative 
mind, there are multitudes of phenomena that will afford 
interest, and subjects of reflections, by which the cause of 
geological science may receive benefit at his hands. 

The conformation of rocks by the sea shore, on the 
mountain, or in the quarry — the inland beds of gravel, the 
natural terraces upon our hills, submerged forests, and beds 
of shells at a distance from the sea coast or a river — ^with 
the appearance of granite and schistus in one district, sand- 
stone and limestone in another, and chalk and clay in a 
-third — ^will all naturally attract the attention of such a 
one, and lead him to consider when and how such dif- 
ferent arrangements took. place. He will soon begin to 
find that others have previously wondered at such things, 
have together compared (heir observations from different 
quarters and countries, and found a similarity of appearance 
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and of sequences, in meeting ivith such rocks. He next 
discovers that similar facts have been recorded; he consults 
some book on the subject, and his mind advances a few 
more stages in the study, as he obtains the key to unlock 
some of his doubts. He observes again — his attention is 
re-exdted, his mind gets engaged — and so he becomes 
a geologist, without any previous education professedly 
scientific. 

But to the Chemist and Mineralogist, Geology at once 
lays open a store of objects which readily excites his interest 
and commands his appreciation, wherever he travels over 
the surface of the earth. In the early study of the science, 
acquaintance with chemistry and mineralogy was held to 
be the sole introductory qualification for the pursuit of geo- 
logical researches, for the science first sprung up in the 
schools of Chemistry and Mines, under the auspices of 
Werner and Hutton ; but as it advanced, it has attracted 
the Botanist and Natural historian, and has received from 
them some of its most interesting and important elucida- 
tions. Notwithstanding this participation, the chemist and 
mineralogist will retain a large portion of the field of geo- 
logy for his undivided possession ; and as the objects of his , 
study are most widely scattered, they are more generally 
available for his attention and investigation — ^besides lead- 
ing to more practical and economical utility, than those 
pertaining to either zoological or phytological geology. 

Wherever he goes, or explores the crust of the earth, he 
will find some portion of inorganic matter, which will 
exercise his inquiry. If it is a fragment on the. road side, 
he will examine its form and composition, and endeavour 
to trace its origin to some neighbouring rock, or to some 
stratum, more or less distant. From the pebbles and 
boulders that are scattered over many a plain and sea- 
beach, he will be desirous to know, as he may be able to 
ascertain, whether they were derived from granitic beds. 
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limestone ridges, or chalk hills, however distant any of 
these may be; and hence he will be enabled to trace the 
direction and force of the aqueous drifit that once trans- 
ported them from their original beds. He may also find 
some of large size and angular, which have their parent 
rock at a great distance, but, £rom their shape and surface, 
he may suppose they could not have been subjected to 
any attrition of consequence during their transit; he will 
therefore naturally look to the agency of floating icebergs 
or detached glaciers, to solve the problem of their tran- 
sportation. 

li^ in traversing the bed of a stream, he finds pieces of 
dolomite or calcareous spar, especially if containing any 
pyrites or sulphurets of the metals, he will naturally ex- 
plore the upper course of the stream, and inquire if there 
are any mountain limestone, grauwacke or micaceous rocks, 
in which a search may be, very probably and successfully, 
made for veins of lead, copper, or some more precious 
metal. If he further finds that the strata have been dis- 
turbed and fractured, near any junctions between granite 
and the schistose rocks, he will localize his research with a 
better probability of falling in with the metallic veins. 
, His knowledge also of the composition of a rock will, 
in many cases, enable him to identify the strata as belong- 
ing to a certain geological era, and how far it may also be 
available for the^ arts, and the economic purposes of life. 
The detection also of greenstone, porphyry, or basalt, will 
excite his inquiry as to the source and extent of the igne- 
ous rock; whether its focus is crateriform, or linear as a 
dike ; and what dislocation or changes it has produced on 
the proximate and divided strata. 

The nature of the surfaces of the strata, through which 
the igneous rock has been protruded, will also lead him 
to judg^ of their comparative chronology ; as in horizontal 
injections of the intruded rock, if the surface of the rock 
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next beneath is physically altered, and the under sur&ce 
of the rock above be not, it will shew that the igneons 
rock is of posterior date to the one under, and anterior to 
the other above it ; but if both sur&ces are altered, then 
the injected rock, even if granite, will be deemed posterior 
to them both. 

The examination of the outcrops of many strata, will, 
from their chemical nature, porosity, or adhesiveness, point 
out how water can be best procured, or disposed of; and 
the nature of percolating water will not be overlooked, as 
it may indicate some valuable deposits in the subjacent 
rocks. I need not mention, how his acquaintance with 
special mineralogy will enable him to detect the true gem 
from the impure crystal, among the disintegrated or com- 
pact portions of any rock. 

Objects of interest and utility are thus continually pre^ 
senting themselves to the chemical geologist, in otherwise 
the most barren countries, denuded, as they may be, of any- 
thing that is interesting either to the zoologist or botanist ; 
and even in the application of chemical analysis, and the 
laws of affinity to the chronology of geology, he has abun- 
dant and wide-spread materials for his attention. Thus, 
though he will find that the constituent elements of basalt, 
greenstone, trachyte, and porphyry are nearly the same — 
being composed of hornblende and feldspar ; yet from the 
different temperatures and amounts of incumbent pressure 
beneath water or sedimentary strata, and the several rates 
of cooling of the melted rock, he will derive interesting 
data to account for the modified forms of the same 
chemical constituents. 

The application of chemistry, directed to the compara- 
tive analysis of coal as fitted to various purposes of the 
arts, and the examination of sedimentary or other depo- 
sits in rivers, lakes, and searcstuaries, for to ascertain 
whence they are derived — whether from the coast or from 
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disintegration of the interior by water courses, are subjects 
frequently calling for attention and solution. Even great 
interest will at times be afforded to the chemist, and 
assistance rendered to paleontology, by his examination of 
fossil teeth, scales, and bones — ^which, from being found 
to contain either phosphate, fluate, or carbonate of lime, 
indestructible enamel, or mere dental impressions, will 
throw considerable light on the identification of the 
remains, whether belonging to a fish, saurian, or a mam- 
mifer. 

To the Botanist, the Flora of Geology offers no less 
fertile a field of objects to excite the highest interest, 
and to provoke the^ most pleasurable research; though it 
cannot be said the investigation leads to such economical 
or useful results, as the researches of the chemical geologist 
do. As the objects of botanical science relate much to 
colour, growth, and symmetry of form, so they are more 
interesting and pregnant with delight to our senses, than 
any conformation of inorganic matter, with the exception, 
perhaps, of the precious gems; and correspondently, the 
fossil remains of the primeval flora, especially as they 
eidbibit such exotic and extraordinary forms and organiza- 
tion, are, with the exception of colour, full of interest, if 
not of wonder, to the student of this branch of natural 
science. 

Whether he traces the earliest marks of vegetation from 
the marine algcBy or sea weed of the grauwacke, to the re- 
mains of the cocoa palm, the pine, the poplar, and the elm 
in the tertiary strata, he cannot fail to be supplied with 
successive orders of vegetable remains, that must neces- 
sarily engage his inquiry, as to the circumstances of soil 
and climate under which the living plants were produced, 
as well as to the causes which effected their destruction and 
entombment in the strata of the earth. The dawn of the 
terrestrial fossil flora in the gprauwacke group of rocks. 
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consistiiig of a few catamites, sigillaria, lepidodendra, and 
stigmaria, he will watch with increasiiig interest, through 
the millstone grit and shales, till the vast records of an 
extensive vegetation are presented to him in the coal 
measures. In this prolific field of vegetable remains, 
besides the natural inquiry how far the different plants 
therein preserved can be identified with recent types or 
species, as mere objects of botany, the mode in which their 
remains are so perfectly and beautifolly preserved, equal to 
what they could be in any herbarium — ^the nature of the 
enveloping matrix, whedier sandstone, shale, or coal — and 
the probable manner in which they became so accumulated 
in certain areas, will all awaken a multitude of inquiries 
and reasonings, that cannot but be of themselves instruc- 
tive, elevating, and useful to the mind. 

The very aspect of the remains of a palm tree, a coni- 
ferous stem, or of other fossil trunks that have been 
discovered, in many places embedded from forty to one 
hundred feet beneath the solid rock, and from thirty to 
fifty feet or more in length, and lying in all directions, 
naturally leads to wonder and inquiry, especially if they 
are found erect, as if they had grown on the spot. The 
botanist is first desirous to ascertain to what living species 
or genus of plants they are allied ; and if he find them to 
have only their congeners in tropical climates, or in very 
small types in the temperate zones, he concludes the atmos- 
pheric influences under which they grew must have been 
much different from what they now are in the locality 
examined; and he is further confirmed in his views by 
finding in the neighbouring strata, remains of gigantic 
ferns, palm-nuts, and of plants of which he knows no type, 
neither in warm nor temperate countries. The internal 
oi^anization of the undefined plant next engages his atten- 
tion — to see whether he can identify it with a pine tree^ or 
with a hollow or cellular trunk, with or without a pitji; 
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and lastly, his inquiry is not satisfied till he can attain 
some satisfactory explanation of the manner in Tt^hich the 
plant was fossillized ; how its bark became bituminized ; its 
cdibre crushed or preserved ; and its interior replaced and 
filled by the material of the surrounding rock, or shale ; or 
whether it was filled from some more remote or more 
elevated source. With the aid of the microscope, he will be 
desirous to ascertain the nature of the internal organization 
of the fossil plant, if any such can be discovered, for in 
some stems none can be detected. If he finds, however, 
that there are marks in the hard stone of a textural or 
cellular configuration — indicating a woody fibre, but with- 
out distin<;t concentric rings, he will be induced to place 
the living type as having grown in a tropical climate of 
not much variation of temperature throughout the year, as 
some of the fossil palms, and coniferse, which are allied to 
the Norfolk pine. If the concentric rings are detected, he 
infers a change of annual temperature like our winter and 
summer, and that the plant lived in a climate more nearly 
approaching to our own. In the brown coal of Bonn, a 
vertical stem, three yards in diameter, was found which had 
seven hundred and ninety-two concentric rings, which re- 
gistered the lapse of nearly eight centuries. It need not 
be said, that however much has been investigated on these 
subjects, there still remains much to be inquired into and 
established. 

The next object, and one which has long and still en- 
gages controversial attention, is, how the vast assemblage 
of these and similarly situated plants, amounting to above 
five hundred known species, contributed to the formation 
of those mighty magazines of coal — so important to man 
in all his relations, and which are found distributed, in 
greater or less areas, over many opposite parts of the 
globe^ 

In this inquiry several subjects will require the most 
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inductive consideration, to arrive at any MtisSactory con- 
clusion ; first, whether beds of coal were formed from vege- 
tables, plants, and treei^ that were drifted from the £Bice of 
elevated lands into t)ie primeval estuaries of seas or fresh 
water lakes, and diere deposited stratum upon stratum, 
such as is, in a similar manner, witnessed at this day at 
the mouths of the Mississippi and Amazon rivers; — or 
whether they were formed from plants that grew and suc- 
cessively died on the spot ; — or whether beds of coal owe 
their principal source to extensive and recurring peat bogs, 
produced by the different tribes and growths of mosses 
which flourished on the decayed remains of their pre- 
decessors — subjected to be occasionally drifted over by 
the gigantic ^rn^, palms, lepidodendra, and lycapodiacea 
that grew on their borders and the adjacent lands. Then 
the order of superposition of the beds, alternated with rock 
and shale, will become the next object of study. Whether 
this depended on intermittent subsidence of the whole 
strata, or on periodical submersion from intruding waters ; 
and, last in the order of his speculative inquiries, the 
important subject of the bituminization of the vegetable 
remains, however produced or derived, will engage atten- 
tion. In this last part of the inquiry, the aid of chemistry 
must be called in to show, how the submerged plants grar 
dually lost their proportional constituents of hydrogen and 
oxygen — ^from the first chemical change in the fossil lig- 
nite, till the carbon was the chief element that was left in 
the anthracite beds. 

The botanical geologist will not rest satisfied with these, 
perhaps, purely scientific objects, but, from his acquaint- 
ance with the carboniferous flora, he will be enabled, in a 
strange or unexamined country, to say whether there is 
any fiedr or certain prospect of meeting with the valuable 
mineral of coal, from the simple inspection of such a remain 
as a catamites, stigmaria, or lepidodendron, that may 
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casually be found in the bed of a river, or on the sur&ce of 
the country. The evidence of such a specimen will lead 
him to seek for the great conservatory of plants somewhere 
in the neighbourhood, however it may be covered over by 
the forest, the wild savannah, or the morass; while the 
detection only of a fossil palm, or of some dicotyledonous 
plant will create hesitation, though it will not banish all 
hope of finding imperfect coal or lignite. 

Such are some of the very important and interesting 
objects which engage the attention of the geological 
bottmist; we shall next proceed to notice a very few of 
those equally interesting objects from which the Zoologist 
will derive a rich treasure of investigation, interest, and 
pleasure. 

Though the Natural Historian has been almost the last 
to enter on the field of geology, which was at first wholly 
usurped by the Chemist and Mineralogist, yet the progress 
and enterprize with which the Zoologist has of late years 
prosecuted his researches in this domain of extinct life, 
have placed him at the head of all the cultivators of geo- 
logical science ; so that he has almost driven the chemist, 
mineralogist, and botanist from the field, and no stratified 
rock can almost now be identified, as to either age or com- 
position, without his fiat has been pronounced upon it, from 
the contained oi^anic remains. 

It is true, from the zoophyte, medusa^ productOy and 
trilobite of the lower grauwacke slate, up to the mastodon 
and recent mollusks in the upper tertiary beds, there is 
spread out such an assemblage and variety of extinct 
animal life, that the extensiveness and interest of the 
fauna naturally authorize the zoologist to claim a very 
great superiority and dominion over this kingdom of na- 
ture, and to consider many other inquiries subc«rdinate to 
his researches. 

It would be fritile in this place to point out even a per- 
C 
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centage of the many interesting objects which this depart- 
ment presents to the geologist; whether we look, as we 
have^alluded, at the first forms oi organic life in the uppw 
transition rocks and the grauwacke slates^ in such genera 
as the orthoceratit€f spirifer and produeta, and those 
species of malluscOf which became extinct in the suc- 
ceeding strata^-or in the family of the articulated animals, 
the tribolites, also extinct — or in the star-fishes and corat 
lines of the same early period, till we arrive at the vastly 
accumulated remains of extinct land, fresh and sea-water 
animals, which are found in the upper tertiary deposits, and 
which are more or less similar to, and in a multitude of 
species identical with, those now existing in the waters or 
on the surface of the earth. 

If the naturalist select any of the great kingdoms of 
nature, whether as a conchologist, an ichthyologist, or as 
a comparative anatomist, the fossil objects presented to him 
in either department are, from their variety and repeated 
novelty, sufBcient to attract and occupy his undivided and 
renewed study and investigation. 

It is m this department of the science, that the ^^wonders 
of geology" are most conspicuously and strikingly displayed, 
in the now extensively discovered class of saurian reptiles, 
immense mollusks or ammonites^ and in the large family of 
gigantic and peculiarly constructed mammalia — ^not to fbr- 
get: the immense fossil kingdom of infusorial organization, 
disclosed by the microscc^, in the structure of chalk, 
flints, mountain limestone, and many other rocks. 

This vast geological fauna js^y be studied only as the 
^^ woi^ers" of the science, without any reference to even 
the promotion of geological knowledge, properly so called; 
but when the study of them is connected with the gaieric 
or specific strata in which they are found entombed, it leads 
to some of the most useful and faithful means by which the 
identification of distant stratifications is established, and 
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the sucoessiye or oorresponding eras of the ancient world 
are verified. The same lithological structure ofiben occurs, 
at distant geological intervals, in many of the stratified 
rodcs, so that it is extremely difficult, and even impossible 
sometimes to distinguish between them ; for inorganic 
matter often presents itself in the same form at different 
geological eras, from the laws of chemical affinity being 
permanent and ready to act, whenever drcumstances are 
fiivourable. Not so animal oiganization ; it is dependant 
on many more special categories, as locality, food, and 
climate ; and when any set form of it is extinct, it is not 
found to be renewed ; instead of which, life seems to take 
on new forms and habits, as if a new creative power and 
acticoi had been instituted. 

From different and more restricted characters does the 
mineral geologist draw his conclusions ; for example, in ex- 
amining a sandstone stratum, he may be in doubt .whether 
to refer its position to the old red series, or to the new 
sandstone deposit ; but the detection of the remains of such 
fishes, as the kolopticheus and amblypterusy or such zoo- 
phytes as caryophyllia and turbinolia^ by the zoological 
student, will soon resolve all doubt upon the questbn, and 
place the rock in the more primitive class. Again, carbo- 
nate of lime is found in the form of crystalline limestone, 
movmitain or carboniferous limestone, and in that of chalk 
and calcareous marl, at great distances from each other in the 
geological eras of their deposits. These rocks mostly retain 
their distinctive characters according to the above order; 
but, sometimes, mountain limestone will assume more or 
less the whiteness and appearance o£ chalk, while the latter 
will put on a greater or less degree of a stony structure 
and darker hue, which may lead the mere mineralogist to 
mistake the one for the other, and so make a most serious 
anadbronism in geology. The detection of a spirifer, or 
producta in the one rock, or of an echinus or an ammO' 
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nite in the other, will show that the former belongs to the 
older, and the latter to the more recent deposition of the 
calcareous earths. Again, the ai^illaceous deposits of the 
London clay consist of many mineral ingredients different 
from those of the sand and freestone of the calcaire grossier 
of the Paris basin, but the resemblance of their organic 
remaiAS goes far to prove that they were severally de- 
posited about the same period. 

The utility of this department of geology, though of the 
utmost consequence to the science itself—- affording, in a 
great number of instances, the only key by which many 
problems in the science and in the order of nature's ope- 
rations can be unlocked ; yet it may be said that it extends 
no farther, and adds little or nothing almost directly to the 
arts or economic purposes of human life. A knowledge of 
recent and living zoology contributes much to the sub- 
sistence, convenience, and comforts of man, and to the pro- 
motion of the arts and the medical sciences; but the whole 
fauna of geology, as fsur as we are aware, is sterile in all 
these respects. It is sufficient, however, that it aids so 
strikingly, usefully, and most interestingly, the study of all 
parts of the science itself, which have any connection with 
those vast sedimentary deposits, stratified or amorphous, 
which cover the greater part of the surface of the earth — 
and thus indirectly it may be held to be of auxiliary 
utility to economy and the arts. 

We have thus very shortly adverted to a few of the more 
common objects in geology, which may engage the obser- 
vation and study of the several students of mineralogy, 
botany, and zoology, and briefly shown, how in each of 
these departments, there is a suj£cient field to occupy 
the exclusive attention of any one of them. We need 
not, therefore, enlarge upon the whole extended empire of 
natural objects and of the archaeological records of a former 
world, which lies open for the examination and study of him 
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who 18 ocMnpetently venant with all these three auxiliary 
sciences — ^whioh every one must be, who aspires to ciilti- 
yate ar^ht the science as it now exists, so as to entitle him 
to the rank of a finished geologist. 

We shall now take notice of a few of those arts and eco- 
nomical uses, to the advancement and benefit of which the 
science and practical pursuit of geology, more or less, 
directly contribute; and these are Mining^ Agriculture^ 
Road Making^ Architecture^ and the Chemical Arts. 

Mining. — Of all the useful arts, geology has the most 
natural and direct connection with the science and art of 
Mining ; for without a knowledge of the stratification of a 
country — the nature of the rocks — ^their inclination to each 
other and the horizon — and the faults and dislocations that 
may be among them, no successful nor profitable attempt 
can be made in penetrating the surface in the search of and 
procurement of minerak. 

So far as geologists are acquainted with the mineral de- 
posits of Great Britain, it is found that certain kinds of them 
are embedded or interspersed only in certain geological posi- 
tions — denoting distinctive eras of formation or deposition ; 
and except these accompanying rocks are found, it is futile 
and a wasteful expenditure of money to look for minerals, 
whether the object be the true metals or coal^ Thus, the 
metalliferous veins of tin and copper are mostly confined 
to the schistose and micaceous rocks which lie in junction 
with the granite — ^the lead and zinc to the upper grauwacke 
or the mountain limestone; and the bituminous coal to 
the carboniferous groups of interrupted beds of sandstone, 
shale, and limestone. It is true that coal is found in the 
oolitic formation of Yorkshire, and at Brora in Scotland, 
and anthracite in the grauwacke of Devonshire; but the 
true bituminous, anthracite, or cannel coal is only found 
between the old red and the new red sandstone, or in that 
geological era — however much in many places several of 
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tibe subordinate ixm&s, as the momrtain Hmestoiie and the 
millstone grit, may be thinly interspersed or awanting. 
Such geological positions do not, however, a^ly to all 
other countries in the world; as the bituminous ooal is 
found to rest on granite and covered by the tertiary rocks, 
in some parts of Virginia; while in Rhode Island a&d 
Massachusets, the coal, approaching to pure anthradte^ is 
found to lie between the transition slates and the grau- 
wacke, and to be interrupted by igneous rocks, but is always 
accompanied by its characteristic fossil plants. The geo- 
logy, therefore, of any country, it seems, should be studied 
by itself, to ascertain the true order of stratification of any 
given area; but a knowledge of the ^eat and general laws 
of geological superposition will considerably fitcilitate any 
inquiry into this subject. 

As the plants which are discovered in, and accompany, 
the coal beds, are found to be nearly of the same genus 
and even of the same species, whether they are procured 
from the coal strata of this Island, Germany, North 
America, India, or of Melville Island, the knowledge of 
botanical geology will be of great use, any where, in our 
researches after coal ; and the detection, therefore, of any 
remains of the calamiteSj sigillaria, or stifftnaria in the are- 
naceous or sandstone rocks, will serve as a most probable 
clue to the discovery of coal in the neighbouring strata. 

The ascertained line of the strike and dip of the strata 
of the area will necessarily point out the most ready and 
profitable manner of procuring the coal — ^whether it can be 
best worked by an adit, horizontal or gently inclined — or 
by an upright shaft and by excavations towards the crop 
or outgoings of the bed, or on the ftirther declination of 
the strata. The nature of the incumbent rock will give 
some idea of the necessity or not of providing for arch 
work and propping ; and the superficial dislocation of the 
strata and its azimuth direction will put the explorer on 
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his gusrd against faults, by which he may regulate his 
measures for the drainage of the intended mines. Whese 
sUps or dislocations may he met with, a knowledge of the 
relative strata will enable the coal miner to &11 again suc*- 
cessfully on the bed which has been cut off— whether by 
seekii^ for it on a lower or higher lerel than that of his 
previous working ; and it will be of use to him to examine, 
whether the coal is more or less bituminous, of the nature 
of cannel or anthracite, and impregnated or not with 
pyritical matter — ^in order that he may be prepared to meet 
with the several gases, of carbonic add, carbusetted hydro- 
gen, or hydrogen more or less pure. 

Acquaintimoe with local geology is of great use in 
boring scientifically for coal — in finding out the depth at 
which it is to be reached from any point on the sur£EK», 
b^ieath oth^ rocks or even under the new red sandstone— 
in ascertaining the dip and strike where not previously 
known — at what depth porous or sandy strata ^e to be 
met with — and the probability of meeting or not with iron- 
stone or limestone, or both, in the same localities. 

In the purchase of landed property, with the view of its 
possibly containing any of the useful metals, the knowledge, 
to which we above adverted, will inform the inquirer of his 
<^ances in this respect; while in the oolitic or cretaceous 
series of rocks, he will not look for any of these metals. 

As it is very probable that tJie metals in veins are derived 
from the rocks in which they are contained, the chemical 
examination of the rocks themselves will aid the geologist 
in searching for metalliferous veins; and as the direction 
of a great fault has been found to be associated with a 
parallelism in the veins or lodes, a knowledge of its direo- 
tion may lead to the more economical search for the me- 
tallic ores* The profitable working of the various kinds 
of minerals, whether coal or metal, will depend on their 
situation, the demand for them^ the distance of transport, 
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all which can only be stated when the special drcumatances 
are known. 

Agriculture. — The great utility which the knowledge 
of the geology of a country affords to the successful pro- 
secution of agriculture and forest planting, is too manifest 
to be more than alluded to. Many trees and plants, that 
are subservient to the use and sustenance of man, require 
very different soils for their better growth and cultivation ; 
and as all soils are but the disintegrated and decomposed 
materials of the subjacent rocks, mixed with the exuvise 
of animals and vegetables, a succinct knowledge of the 
superficial strata cannot but lead to the more economical 
culture or adaptation of the surface. By this knowledge 
it will be ascertained to what kind of trees, or alimentary 
plants, any given area of country wiU be best adapted; 
and, with the additional analysis of the soil, the necessary 
modes of improving it for certain objects of culture will be 
pointed out. Thus the pine tribe will grow well where 
oaks will not, owing to the former thriving in a soil con- 
taining far less of the alkalies for their growth than the 
oaks or the beech require ; and potatoes will grow to great 
perfection where wheat would be a failure, firom the latter 
requiring more silicious with alkaline and phosphatic ingre- 
dients in the soil, than the potatoe or any of the leguminous 
plants do. 

Sand, clay, and lime form the principal constituents of 
the different kinds of soil; and, according as they are 
afforded in the proper proportions by the disintegration of 
the subjacent rocks, so will be the resulting productiveness 
of the land. Pure sand, or pure limestone, alone would 
form absolutely a barren soil, for argillaceous earths are 
also necessary to ensure any fertility. Now these latter 
earths are afforded by granite, gneiss, clay-slate, grauwacke, 
and the volcanic rocks of basalt, greenstone, and the dif- 
ferent kind^ of lava. The mountain limestone likewise 
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affords very fertile soils, and all aluminous rocks exercise a 
very fertilizing influence on vegetation from their contaiiUDg 
potash and soda. Feldspar and hornblende rocks, by their 
decomposition, yield, according to the best chemical analysis, 
a warm and excellent soU. Feldspar contains 17| per cent, 
of potash, albite 11.43 per cent, of soda, mica 3.5 per 
cent., and zeolite 13.16 per cent, of both alkalies. Basalt 
contains near 3 per cent, of potash and 5 to 7 per cent, of 
soda, and clay-slate about 3 per cent, of potash, and loam 
nearly 4 per cent, of potash. According to Liebig, a single 
cubic foot of feldspar is suificient to supply a wood covering 
a surface of 40,000 square feet with the potash required 
for five years.* Lands composed of lava, containing argil- 
laceous earths and other disintegrated minerals with sand 
and chalk, are of the greatest fertility, as is witnessed in 
the vicinity of Vesuvius and in the reclaimed Island of 
Ascension. This productiveness is attributed to the alkalies 
contained in the lava, wHich, from its successive crumbling 
and pulverization, affords inexhaustible supplies of these 
necessary ingredients. The action of the weather will, in 
time, produce a soil favourable for plants firom rocks of 
granite, grauwacke, mountain limestone, or porphyry, from 
dieir containing all the bases of inorganic food in their 
alkaline ingredients; and, though the land is not at first 
productive, it may be rendered so by proper arable treat- 
ment. 

Though a proper application of geology to agriculture 
depends not on the knowledge of the ages of rocks, but on 
their mineralogical composition; yet to be acquainted with 
the order of the rocks and their stratification, with their 
lines of dip, will be of great advantage to the agriculturist. 
By this he will be enabled to search for marl, limestone, or 
clay, if they have not been already discovered, and to apply 

* Vide Liebig's Organic ChemiBtry, p. 143. 
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ihenk wUh the greatest benefit to some other parts of his land 
that are of a loose, sandy, or silicbns nature; by iddch 
means adbestveness unil be given to his soils where it is 
wanted, and dryness to others; and the correction of acidity 
to other parts, as in any moor or moss land. The order of 
stratiication will also teach the agriculturist, how he can 
more effectually drain his land, according as any stratom 
of day or tenacious rock^is at, or near the surfiMe — to 
penetrate whidi may be attended with advantage or injury, 
according as it is above or below an absorbing or porous 
stratum. The allocation of the strata will also show the 
sources and causes of any springs of water with which the 
land may be troubled, if it will not in all cases point out 
the mode of correcting them ; and from a similar knowledge 
of the inclination of the rocks, a more successful attempt 
will, at any time, be made to procure water by sinking 
wells. Though none of the rocks make their appear- 
ance at the surface, it will be very important to know 
whether the strata are horiasontal or inclined; for in the 
former case, the land will be more disposed to be wet, and 
will with more expense be kept dry; while by openii^ 
drains to the sur&ce of the upturned strata, it is probable 
that a natural drainage may be established betwe^i them. 
From geological deductions, chalk or sand may be readied 
beneath soils or subsoils of clay or tenadous earth, and 
thereby the land may be rendered drier and warmer, by 
the surface water bdng allowed to percolate through these 
porous beds. 

The proprietor will, in planting, from a knowledge of 
the geology of his estate, suit the different forest trees to 
their respective soils — ^the quality of which in woodland 
portions, depends very much on the nature o( the subjacent 
rocks. Thus he will find the pine, the spruce, and the 
larch to thrive better in the clay-slate and grauwacke dis- 
tricts, than the oak, the beedi, the ash, or the sycamore. 
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which grow better and stronger in aigillaceous and m mixed 
calcareous soils. These latter species of trees not <mlf 
require more dhelter daring their eaily growth^ but also, 
according to M. Liebig and D. Saussure, a much greater 
proportion of the inoiganic ingredients of potash and soda^ 
for the composition of their woody texture and leavesy^ 
the difference being, that those trees, whidi shed their leaves 
annually, require five times more alkalies for their constita- 
tion than those which are evergreen, as the pine tribe. 

Tlie purchaser of land, who is possessed of a competent 
knowledge of mineral geology, will see his way in the 
transaction with much more advantage and satisfaction 
than if he were not. The discovery of a limestone rock or 
a good building stone, to which he may be led by geologi- 
cal analogies, may be a great advantage where such rocks 
are scarce in the country ; and we need only allude s^ain 
to what we have said on the more valuable discoveries of 
metalliferous veins. He may thus also be led to the dis- 
covery of beds of coal which He out of the general line of 
strike, and which had therefore been either previously over- 
looked, or that the beds had been thought to have run out, 
or irretrievably cut off by a faults The same preparatory 
teowledge may also afford a clue for the more successful 
researdh after a magnesian limestone, — so useful and valu- 
able from its forming a mortar that sets quickly in water, 
besides its use in agriculture. 

Road Making. — A moderate knowledge of the geo- 
bgical structure of a country will be of considerable ulility, 
in laying out and making common turnpike roads or rail- 
ways, as well as in choosing the rodis with which the roads 
are to be covered. Where there are porous strata, or hard 
beds of rocks mixed with softer materials, as shale or sand, 
the dispositicHi of the strata, as to inclination and strike, 
will materially influence the choice of the line. If the line 
of strike is any ways parallel with the sides of a valley, a 
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road for whatever purpose will be better projected along 
that side, where the strata basset out and dip from, than 
on the opposite side, where they incline to the bed of the 
valley; for in the former case, the incumbent rock or 
strata will not be disposed to slip down on the road, which 
wiU also be kept free from water, except from what falls in 
rain on its own surface : while on the opposite course, water 
will be liable to be continually percolating on the line of 
road, and the upper strata be disposed to slip down upon 
it. The two lines of the Manchester and Bolton, and the 
Manchester and Leeds railways, will illustrate, in one or 
two localities, very plainly these effects of stratification on 
the different roads. 

A knowledge of the subjacent strata, as to porosity and 
adhesiveness, whether owing to clay, marl, sand or sand- 
stone, or chalk, will enable the engineer to choose the 
ground least likely to retain water, or to provide in time by 
proper drainage for carrying off what the subnsoil will not 
absorb. The choice of materials for roads is also consi- 
derably facilitated by the knowledge of mineral geology. 
The hardest rocks are not the best fitted for roads, as they 
generally are brittle and easily broken and pulverized, such 
as granite and all rocks containing much feldspar, or mica- 
ceous lamina. Limestone is nearly as hard, though it is 
much tougher; but any of the trappean rocks, as greenstone 
or whinstone, is much superior in every respect ; and when 
a rock of this description can be procured, even though it 
be at some distance, and at comparatively much more ex- 
pense, it should be preferred, for it will eventually be the 
more profitable. What is called the Ganister rock, towards 
Haslingden, and some of the ferro-argillaceous rocks, con- 
taining many vegetable remains, form some of the best 
materials we have in the south of Lancashire for this pur- 
pose, though they are inferior to the calcareous and igneous 
rocks. The sandstones of our coal measures, except they 



Digitized by 



Google 



and Uses of Geological Researches. 29 

contain a good proportion of calcareous or quartose matter, 
are little better than a mass of dirty sand, which requires to 
be scraped off soon after it has been laid on the road. Flints 
and chert are also good materials where a hard foundation 
has been previously laid. 

The same observations, as we have mentioned above, 
will nearly apply to the choice of grounds for Canals. 
A geological knowledge of the country, as to its beds of 
clay, tenacious marl, or porous rocks, will be of great use 
in determining the line of the canal ; for in the one case, 
the water will be retained, or not so much wasted, as when 
the canal runs over absorbent or porous strata. In study* 
ing the geological surface of a country, with the nature and 
inclination of the different strata, the engineer wlQ be pre- 
pared to meet with the several rocks in succession, so that 
he may avoid cutting through a retentive clay to a porous 
rock, or else cut through one of the latter description to 
arrive at the former, if his levels will permit him. We 
need not speak of the advantage and eligibility of so pro- 
jecting a canal, as it may lead through districts in which 
any coal, limestone, or metallic ores are discovered. 

The position of the rocks, their line of strike and of 
inclination, materially influence the manner and expense 
of working ; so that in all projected excavations, whether 
for roads or other purposes, as intimate an acquaintance 
with these geological particulars, as possible, will afford 
the more correct estimate of a pecuniary outlay. 

To the Architect or Builder^ the acquaintance with 
mineral geology is of very great importance, as the choice 
of good and durable stones for building depends much on a 
knowledge of their geological position and mineral compo- 
sition. Many stones that are hard in the quarry, as those 
granites in which feldspar abounds, are not the best for ex« 
posed buildings, as they are apt to be decomposed by the 
atmospherical changes from cold to heat, and from dr)mess 
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to moistUTe; while others that are soft from the quarry and 
easy to work, become harder when exposed to the air, 
from the moisture of the atone getting dried up, and alsa 
from the greater oxidation of the mineral constituents, or 
the better carbonization of the lime, which they c(mtain. 
A stone which, however, contains oxide of iron, should be 
avoided for public buildings, for though it may be of a 
uniform colour when first exposed to the air, it will as- 
suredly become stained and rusty. Syenite is more durable 
than granite itself ; compact feldspar and all the trappean 
rodcs are very much so, but the latter of these are disposed 
to become black from exposure to the atmosphere. Some 
of the green and whin-stones retain for ages a beautiful 
bluish or greenish tint, but from the difficulty of working 
them, they are only used in square or ashler work. 

In building the new houses of parliament, great care 
and research have been taken to have the most durable 
stone, consistent with a good appearance, selected; and 
from the survey and examination of many quarries and 
old buildings, as castles and religious edifices of ancient 
times, by Mr. De la Beche, a dolomitic limestone from 
Bolsover, composed chiefly of carbonate of lime and mag- 
nesia, in a semt-crystallized state, has been preferred. It 
is of a light fawn colour, with small vesicles in it like some 
of the finer oolites. Specimens of this, and of all the 
rival stones, which may be said to have entered into com- 
petition with it, are arranged in the new Museum of Eco- 
nomic Geology in the metropolis. 

The mineral geology of any area of a country, and the 
superposition of the rocks, in any one quarter of it where 
certain good rocks are found, being known, the engineer 
will be enabled to examine, with the greater chance of suc- 
cess, those more distant parts where the same useful and 
desirable rocks may be met with. For instance, the same 
hard, silicious, and very durable rock, is found in this 
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county at Parbold, Whittle Hilte, Horrod^'s Fold, and 
Fletoher Bank, underlying the great coal beds; ajrid soi the 
same neladve and fixed position is attadied to many other 
lockSf which point out where they Will be most likely 
found, if at all existing in the general area. 

A knowledge of local geology will also in&cate the 
most ready and economical manner of opening and working 
a stratum of rock, and where it is likely to be found in its 
utmost purity and strength; and in being aware of the 
constituent lines of stratification and their direction, there 
will be less chance of confounding them with the lines of 
deavage, and so in time, many perplexities and unneces^ 
sary operations may be avoided. In these latter instances, 
the detection of any organic remains lying in a plane, or of 
a thin seam of shale or day, will point out the line of true 
stratification — ^however cleft and divided the rook may, at 
first sight, appear to be in any other direction, whether 
vertical or oblique. 

We need scarcely enlarge upon the great uses which a 
knowledge of the mineral geology of a district enhances, 
in any proposed preparation of caustic lime from its cal- 
careous rocks, whether for the purposes of building or agri- 
culture — ^in that of culinary salt, with the most economy, 
firom either the deposits of brine, or from the crystallized 
saline rock-^in that of sulphate of magnesia^ so lai^ely 
used in medicine, from beds of magnesian limestone^-in the 
search after gypsum in the mo^t promising beds— and in 
the manufacture of alum from pyritical shales, which fio 
oft^i accompany the coal and lias measures — not to over'- 
look, for the purposes of glass manu&cture and that of all 
pottery and china ware, the different kinds of sand,.clay^ 
feldspathic rocks, and even millstone grit, which may be 
more or less adapted for the relative purposes in view. It 
is true, that the more direct attention is most profitably 
applied to the treatment and manipulation of the specific 
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article, when oc wherever it is procured ; but it cannot be 
denied, that a practical knowledge of geol<^ will be of 
essential service in pointing out the strata, where the raw 
material will be, with the modt probability, met with, and 
also the most economical manner by which it may be 
brought out of the crust of the earth. 

Considering, then, the many great and valuable purposes 
to which a knowledge of geology may be made available, 
it is to be regretted, that until very lately there has no 
public encouragement been given, nor any institution 
erected for the teaching of practical and economical geology 
in this country — ^in connection with the support of national 
or provincial museums — containing, exclusively, specimens 
of the geological and mineral formations and treasures of 
the kingdom at large, or of a certain district. 

This want, in a national point of view, is being so far 
remedied by the recent formation of a Museum of Eco- 
nomic Geology, which is now opened in London, under the 
superintendence of Mr. De la Beche. This museum already 
contains a, great collection of our most important and useful 
mineral productions — the different native rocks in laige 
cubical specimens, both rough and polished — the different 
species of British coal also in large regular figures—^md 
there also is a great variety of the. best metalliferous spe- 
cimens firom the mines in Cornwall and Wales.* 

It would also subserve the great and desirable purposes 
of provincial knowledge and wealth, if every County in the 
kingdom had its own museum — containing specimens of 
every useful and curious rock, of metallic ore, and of 
organic remains, all properly and intelligibly arranged, that 

* Lectures are about to be regularly delivered on Practical and Economic 
Greology, in the same institution, by Mr. Phillips and others; and it may be 
noticed, that the University of Durham has also instituted a practical school 
in connection with a museum on the same useful subject. 



Digitized by 



Google 



and Uses of Geological Researcfies. 33 

may be found in that particular county. The expense of 
the erection and msdntenance of such a museum at the 
county town, would be but a fractional charge on the 
general rate. It would serve to make every inquiring 
inhabitant acquainted with what his native county con- 
tained of the otherwise hidden treasures of nature; as it 
would serve, from simple inspection, to instruct the fo- 
r&gner or visiter, in the geological nature and mineral 
contents of the country over which they were at the time 
travelling. 

To supply, in some measure, this very obvious want in 
the south of Lancashire, and to promote the taste for the 
general objects of geology, the Manchester Geological 
Sodety has been instituted ; and though the Society can- 
not be expected to fulfil all the more extensive and useful 
objects of a County Institution, in respect of a Museum, 
yet from what has alone been published of its proceedings, 
it may fairly claim the credit of a zealous and sincere en- 
deavour to promote, as far as its means and influence have 
extended, the study of the science. This the society has 
especially done with the view to practical and local geo- 
logy, and the furtherance of all economic knowledge con- 
nected with mining, — ^not forgetting the instruction of the 
operative himself, by the dedication of funds and otherwise, 
in .the best modes of preserving his life amid the dangers of 
the mine, arising from the presence and accumulation of 
explosive or suffocating gases. 

In conclusion, we have great confidence in saying, that 
such provincial societies, when properly supported, will 
lead to many useful and economical results, besides their 
becoming the converging points on which the cultivators 
of the different branches of natural science can meet, to 
be reciprocally improved, corrected, or enlightened — the 
facts and discoveries from one science throwing its light 
across the dazzling or bedimmed atmosphere of another, till 
D 
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t^e ob)99t of |nyes%9jtiQn is iUmninated on all aid^s, and 
^ruth beooi^^s mpre r^yei^ed. The knowledge that woi^d 
ptkerwis^ \^ spattore^ l^bo\|t in many piac^cal i^d#, (^r 
oei^g a npkuil^tudfl (>f tluBg«l o^ ti^ e^rth w ufi^r its 
8^r&cei ^ thuft CQRC^twrtedt c^MaM* wd» if ^o* 9n9de» i» 
every gase, s^fes^ept fo ^m^ pecwiwry in^e^t^ H ip 
i^d^red ipf taruptiwj^ a»4 h^y wi^, Vy ^nteqfiijg tfc^ 
l^i^Bdftri^^ of Qw ide^^s^ ftpd fey iwproiriftg <w aawtrf 
i^ultie^, i^ t^ ei)4e^vpwJe 9y9teqi$^ the* ^fiaraM ap4 
apparently unconnected facts and phenomena of ^t^^sm^^ 
M^e^ of tl^ ^an pialy >e do9ie» in any ^ectiud Vk^fs^er^ 
f^cmg the m^fiib^is of mx^ ^oca^ta^ vho» ajl aclm^ledge 
» great body of e^aia. leading fe^ and;iMPi9ciptes--ft»i»r 
ijag, what qiay be QaUed> a comBH>B alphabet, without the 
aisqttaii^^pce and recpgnitipii. pf which no well undei^topd 
disGQiiipn or ooodpaiative reasoiiing qaa take pl^oe» i^ 
order to, arrive 9X any ^s/dsSs^c^axY conclusioii abo4;i,t ^owy 
of the questions ihat «re cp^tio^uaUy opcwri^ i^ titu^ kipgr 
dam of n^tPro. 
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ABT. U. 

Sketch of the Geology of Manchester and its 
Vicinitjf. ^ By E. W. Binney. 

Read 7tb of February and 7th of March, 1839- 

EKTROPtTCTORT ftBSlARKS. 

Tub mtentioii 6f this memoir h ta communieate the lesiilt 
o£ ikst99 yem! obeervftdoiu^ made chiefly cm the new red 
sandstone formation in tke neighhondhood of Manchester, 
and to attempt to deduce therefr<»la evidence! of its relation, 
to the upper coal measures. It is not pretended to gi¥e a 
fiill and complete descripticm of all the various phenomeoia 
of this intricate formation, or satis£Bkctoiily to account lor 
their 09%in; but merely to state what is at present known 
on das portion of the geology of the ndlghbourhood, and to 
dbeet attention to the more obscure and unknown parts of 
it. Some of the informatiosL furnished to the author, as 
well as his oiwn observations^ may possibly be incoiree^; 
none, however, will rejoice more than himself in seeing any 
xaiseonoeptions or errors, into* which he may have &llen^ 
reet^ed. No one can doubt the propriety of investigating 
the ground upon which we stand, priiMr to directing our atr 
tention to more distant localities. As a provincial society, 
llie first attenticm of the meolbers ought to be mainly 
div«fetod to the examination of tibe geological structure of 
their own immediate neighbourhood. Incfeed, no course 
but this is likely to attract the attrition of the public, 
and" to shew diat Geology is not cdiy valuable as an intd<- 
ledluai pursuit, but that it is one of the most usefcd of the 
sdences. 



Digitized by 



Google 



36 Mr. Binney an the Oeology of 

The geology of Manchester and its vicinity has, per- 
haps, been less investigated than that of any other large 
town in the kingdom. This assertion may appear extraor- 
dinary, when we consider how much our town owes to the 
mineral treasures of the earth for its commercial impor- 
tance ; but to all who are conversant with the subject, it 
will be admitted to be perfectly true. 

GENERAL DESCRIPTION OF THE COUNTRY. 

Manchester is situated on a part of that extensive deposit 
of drift, or diluvium, which covers from our view so great 
a portion of the strata of the midland and north-western 
counties of England, skirting the sides of the Penine chain, 
and enveloping the lower tracts of country. The appear- 
ances presented by this deposit are very variable — at one 
place it being composed of a coarse gravel ; at another of a 
stiff clay mingled with pebbles; and elsewhere consisting 
of a fine forest sand. It is only on the great lines of drain- 
age, or in artificial sections, that a view of the substrata is 
to be obtained. The rock underlying the area of the town 
of Manchester is the upper new red sandstone — ^the second 
member in the descending order of the formation of that 
name. This formation occupies a considerable part of 
England, and is chiefly remarkable from its overlying our 
true coal fields, (most of which disappear under it,) and 
from its containing those valuable mines of salt and gyp- 
sum — ^for the former of which the neighbouring county of 
Chester is so famous. 

The country to the north-west, north, and east sides of 
Manchester gradually rises to a considerable elevation 
above the site of the town; it is traversed by three valleys, 
along which flow the Irwell, Irk, and Medlock. These 
three rivers unite at Manchester, and, after a course of ten 
miles, fall into the Mersey at Irlam Green; thence this 
rirer winds its way along the new red sandstone }dains of 
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South Lancashire and Cheshire, into the Irish Sea. The 
extent and depth of the valleys, through which these rivers 
flow, generally indicate the geological features of the coun- 
try ; and it is in them that we find the only true natural 
sections. Of these valleys, that of the Irwell is by far the 
most extensive : for the distance of near five miles it is 
occupied on the south-west side by the carboniferous strata, 
and. on the north-east by the upper new red sandstone. 
. Those of the Irk and Medlock are of much less extent, 
being chiefly in the vicinity of the town through the coal 
measures; but whenever they touch upon the new red 
sandstone, their width visibly increases. 

The strata composing the new red sandstone formation, 
in this neighbourhood, may be conveniently divided into 
the following (descending) orders 

1. The upper.red marls. 

2. The upper new red sandstone. 

3.^ The red and variegated marls with magnesian 

limestones. 
4. The lower new red sandstone. 
The whole of these deposits are very rai^ely, if ever, seen 
together; the upper marls having frequently been removed 
by denudation, and the upper sandstone overlying. the two 
inferior strata. But in one or two places we find the two 
last entirely wanting, and the upper sandstone resting on 
the. carboniferous strata. To a superficial observer, the 
only rock occurring in this neighbourhood would appear to 
be the upper sandstone ; the lower marls and lower sand- 
stone bemg only seen in one or two places at the sur&ce : 
coal sinkings and borings for water, however, generally 
-prove their existence. 

THE UPPER RED MARLS. 

This deposit, extending over so great a portion of the 
neighbouring county of Chester, and reaching to the thick- 
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TieBs of two hfundred yards ia the salt beds, is seldftm io be 
seen in the south-east of Iranoashire. The only pltee 
mtn&te I have obsenred it, is on the soudi of die town, 
along die line of Oxford-road from All Saints' CSunroh to 
St. Peter^fiHMinaire. After going throi]^ the diluTial day 
ten yards, a diin band of two feet in thickness occurs. In 
C%epstow-street, leading out of Oxfcvd-road, this bed is 
between four and €ve feet diick. In the centre of it ocean 
' a light^x^loored layer resembling ftdlers' earth in appear- 
ance, which briskly effervesces when treated wilii dilute 
hydrochloric add. The lower part oi the marl beeonies 
arenaceous, and passes gradually into the upper sandstone. 
Both roc3» dip to the westHSonth-west, at an angle of dght 
degrees/ The marls here found are of a dark red eolour, 
variegated by streaks and patches of green and yeUow. 
They effervesce feebly widi acads. No dearly recognized 
organic remains have been discovered in them. A drcnlar 
concretion, something resembling the cast of an ammonite, 
was found in Chepstow-street. 

At the meeting of tibe BiMsh Association, heU at Liver- 
pool, Captain Portlock exhiUted a sfanilar fSfeAmea £rom 
the new red sondstcoie of Ireland, and he ccmsideved that 
it was the imperfect oast of an ammonite. 

THE UPPBR KEW RBD SANDSTONB 

underlies nearly the whole of Cheshire, and a eoBsiderabk 
p«rt of South Lancashire. In treating of it I shall coniMe 
myself to a deseription of its basset ec^^ without folbwing 
' it upon iSoB dip, except when noticing the dnn* strips d»t 
run into the coal field. 

My observations commence at Stodcpoit, where it wf- 
pears as a fine loose grained red sandstone, much used for 
moulding purposes. Its general dip is about westHwntli- 
we^l, at angles varying finom six to ten d^^vees with the 
horizon. The adnolnte thidmess of it is unknown. At 
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Eidgidy^ Mf • Sykes bored in it one kancbed imd feeTehlj 
ytids ik4dumt jMsiiiig thnnigh it* In the town of Stoek- 
port ftimietoitt borings for water havte been mtide to the 
dupA of 6he hmidred yards^ wUdi has then been foaiid id 
isffioieBt abundance widiotit going fnrtber down.t Th^ 
wkole of the yalley of the Gojrt, up to the point where the 
V9gg Bteok jdm tliU; river in Oftrton, patees tbroagfa 
this deposit. 

It ntts ap the valley of the Tane, past Reddbh Mills, 
to widnn three kundired yarda of Beet Bank Bridge^ and 
i44i€iNiVer ikfi lUok iS9veriAg of dMitnum allows its bdng 
seea^ aiid its relation to die coal measures enninedy they 
ai0 fbund to lie tmetaformaUy. At Reddish MiUs^ M^. 
Bedwr has bored in i« osae kimdied and ten yards without 
passing tkroagh it^ li eidt^nds to Levenshohne, i^he^ 
Mri Coatee penetrated it nmety^dght yafds4 Near tUs 
pkiee in dividos intd two parts; «he mab oae ranging Uh 
watds Mandbestety and an oatlymg band^ varying from d 
ndle to a anile and a half in breadth^ iying between tke 
coil ields 4f ManoheSter and those of Denton^ Ashtoby 
OUham^ a»d Middleto&. 

From Levendndtte Ae inain branek rang^ didef the 
Midway HoaSe^ Loi^fioght evesoent^ the Ardwick T^U 
Bar on the Denton Boad^ CShanccry-lone^ (whisre Mt. 
Bachui has bored through it eightyndx yards, and Mr. 
Oafifanoi^ eighty-^eveii yards,) PinMndU4ih>w, the Gfaapd 
m Every^mtreet, Pollard^treet, CanaiUtfeeit, Ben^«street, 
(Mdfaon^oady Fnmp-street^ the Gas Staibion in Gonld^ 
sbrteti to Messis. CleaaMnu^ works, HorroidDs,< aeJEO- whW 
last-mentioned place it is seen resting on, and gradnaUy 
pasiing downwards nkto, die red maris. It l^n passes 

* Mr. Hunter, #eB«nnlMr, DantBicttveet. f IVmL 

X Mr. BMAMr^) of asytMi. 
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under RecUbank* to Strangeways brewery 9.. and extfiiadA 
along to Messrs. Lomas and Bradbury^s works, where it 
was found to be ninety-one yards thick, thence under Stcmy 
Knolls to Higher Broughton on the banks of the Irwell. 
At this place it occurs as a pretty coarse conglomerate, and 
disappears under the diluvial sand of Kersal Moor; but, 
most probably, extends a considerable distance farther to- 
wards the north-east. 

Returning to the ojitlying band at Levenshuhne, the 
western edge of this deposit runs nearly due north, rating 
on the basset edges of the Manchester coal field, east of 
Kirkmanshulme, past Belle Vue, Smith House, Smith's 
bleach works at Openshaw, (where, Mr. Bradbury informs 
me, it was penetrated one hundred and forty-eight yards,) 
Clayton, Mr. Wood's works at Bank Bridge, (a little to the 
east of which the same gendeman bored in it ninety-eight 
yards,) past the Shears public-house, Newton, and under 
Harpurhey to Mr. Jonathan Andrew's works in the Smedley 
valley, and then, probably, under Cnunpsall to Broughton. 
I have obtained no direct evidence of its being found under 
the first of the two last-named places, but it is generally 
supposed to be there, though at a considerable depth under 
a thick covering of diluvium. Indeed, on looking at the 
points where it is seen in the Smedley Vale, on the north- 
east, at Mr. AndreVs works, and the lower new red 
sandstone at Cheetham Vale, to the south-west, nearer 
Manchester, a distance of not much more than half a 
mile, and the dip and strike of this rock at Broughton 
Priory, there can scarce be any doubt of its range in this 
direction. 

The eastern edge is very difficult to trace, but it is 



* It most probably runs under Cheetham and Stocks; but the thick 
corering of drift prevents it from being examined. 
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bdieved to range from Reddish Mills, under Gorton Reser* 
voir, by Fairfield, to a little .west of Medlock Vale. Near 
this last-mentioned place, Mr. Bradbury has found it lying 
on the red marls. Its direction, then, is considered to be 
by Newton, west of Moston Colliery, under Pre^twich, to 
the Valley of the Irwell at Giant's Seat, near Ringley; 
bat little evidence, however, is to be obtmned of its course 
by these last-named places. 

The Valley of the Irwell, below Broughton, is upon this 
deposit, which extends from Kersal Moor to near Douglas 
Mill. Near this place it comes in contact with the. Pen- 
dleton coal field, and a wedge-shaped mass, resting on its 
south-west side on the basset edges of the coal measures, 
runs up the valley to near Giant's Seat Lock, where it ter- 
minates. Its south-westerly boimdary is the great. Irwell 
coal fault, and its north-easterly part disappears under the 
diluvium. At Whit-lane» near Douglas Mill, J. Fitz- 
gerald, Esq., in his trial pit, found it one hundred and 
thirty-one yards thick, and resting upon a thin band of red 
day. . The boring rods then went into the regular coal 
measures. Mr. Andrew Ray, who was employed by Mr. 
Fitzgerald, kindly gave me the result of the sinkings and 
borings, as follows : 

yds. ft. in. 

Sinkings... 12 of sand and gravel. 

22 of upper sandstone. 

Borings ... 109 1 4 of ditto. 

1 of strong red clay. 

30 2 9 of coal measures. 



174 2 1 
The whole thickness of the deposit was not gone through, 
but the great &ult, near which they were boring, and which 
was inclining towards them, was crossed. 

From Douglas Mill this deposit underlies the Valley of 
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tbe Ir^v^U to Salfiwd And Maadiesteir, Ibe idhole dfafmoe 
karbg been proved by boring.* I shall iliMr give a list of 
the tesnlts in 4»earcli]iif for water about these txmns* Hm 
upper sandstone has been perforated «t Longsigkt 8all)t 
and at Mr> BnehanX Chaaoery-iane, eigiity*^ ynrd^.^ 
At Mr. Samuel Green's works, Oarratt, that g«Mknittti 
piereed it one hundred and nine yards without pAttg 
through it. Messrs. Hoyle, of Mayfi^U, obtained its 
thickness one hundred and four yairdk|| The folbwing 
giend^nen al9d perforated it^Messrs. Boardman^ Oak- 
street^ at ninety^Te yards ;§ Messrs. BeeTer^ M]lWs4Qiie, 
about fifty yards nf Messis* Clemson, Horrooks, ten yardb;** 
Messrs. Lomas and Bradbury, Strangeways, nisety->oiie 
yards ;tt Messrs. Dewhuist^ Dawson's^^oft^ Salford, sixty-- 
yards ;$t Messrs. Warmsley and Co., Wbeat^hill, bored in it, 
without gcMiig tihrough it, one hundred and fifitoen yardA;{|| 
Messrs. Rothwell, Water-street, Ma&chester, one hundnsd 
and sixty^^four yards : Messrs* Aibton, Broughton Brieve, 
one hundred and tUhrty^four yards ;§§ Messrs. Henry and 
James Bury, and Mr. Thomas Bury, each one hundred 
yards.^^ The two first of the last five places are mote in 
die <fip than the odier places maationed, and, oonsequently, 
the rock there must be of very great thickness. The sanMU 
stone is often parted by bands oi red clays, varying firom 
several iiikehes to tfavee feet in thidmessy loM^wn by well- 
sinkers fipom thehr stopping the water in the rock. At 
Messrs. DewhuMts' a bed was found a yard thick. The 
same bed occurred sisty yards down in the rock at Messrs. 
Ashtons'; at Mn Thomas Bury's a layer, of a similar 



• Mr. Tillison, well-sinker. f Mr. Fletcher, LoDgsight. 

$ Mr. Hunter. % Ibid. ^ Ibid. 

ft MeifflPB. Lomas and Co. JJ Mr. Tillison. 

11 Mr. Warmsley. 

SS Mr. Taiiiott. WlWd. 
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tUdoBieBft, waB viet widi ; bnt at MessTS. H. and J. Bary's 
it was only abtteeii im^es. 

The xoA tfaen ranges under the soudi &f Pendleton to 
Eecles; a little Ibo the north of diis pkce a strip c^ it runs 
up past Monton towards Worsley, like the outlying bands 
of Lerunhnlme «id the Valley of the Irwell^ befivre de- 
scii^M. Its eastern botnuiary is not known; but Mr. 
Lanoastef^s coal woikings, between Patricroft and Monton, 
proTe it to abut agahist the red mavis, the lower sandstone, 
and the ooal measures in the west; whether it readies 
Woialey, and joins the main range again, on Chat Mess, 
knot known* From Eoeles the rock skirts the red mark 
to Mr. Lancastei^s engine, where it is seen a few indies 
thick, overlying the red marls. The dip of all the new 
red sandstflfne strata here is in a simibtr direction and angle 
to that of the ooal measures, and is a little west of south, 
at an ang^ of about eight degrees.* Skirting the red 
mails, It dien runs under Ghat Moss to Astley, thence to 
Bedfivd, Adierton, and Leigh. The whde vi the country, 
in a line from the last-named place to die Manchester and 
liveipool raSway at Toad Leach, near Sutton, rests upon 
it. At this last-named place the rock appears to have been 
separated by the protrusion of the upper fredi^water Mme- 
stones and superior coal ateasures through it; it appears 
4igain on the railway, near Whiston, ttid a &ult of an ex- 
actly similar diaracter occurs there also. Both these £s- 
kicatkAis form anti^nal axis; the sandstone at each of 
d^em di{^ing eastwards and westwards, and resting upon 
the coal measures, in eadi instance, without the intervention 
<tf the red marls and tiie lower sandstone. 



** This was the fact at tiie rise pit, but at ibe engine pit it bas since 
unfortunately been proTed tbat, although the members of the new red sand- 
stone were at the same inclination and dip as those at the rise pit, the coal 
-measares were mosh dialocaled by fiwdts, the existence of which the oTer- 
lying new red sandstone had given no evidence. 
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The. above being the only instances that I have seen of 
dislocations in the upper sandstone, and as the red markr 
and lower sandstone are wanting at both places, I have 
thought proper to notice them, although lying bx from our 
neighbourhood. 

The upper sandstone is composed of fine water-wonSi 
gpnuns of white quartz, sometimes mixed with pieces of 
fddspar, greenstone, and jasper. All these ,are Coloured 
deep red by a thin coating of per oxide of iron, and slightly 
cemented together with red clay.* Dr. Dalton estimates 
the coating of iron to be about one per cent. On being 
boiled a short time in hydrochloric add, most of the grains 
. become quite white. 

RBD AND VARIEGATED MARLS WITH MAGNBSIAN 
LIMESTONES. 

These deposits, from their superposition and fossil organic 
remains, are now clearly proved by geol(^ts to be iden- 
tical with the magnesian limestones of the north-east of 
England, although so totally different in character ; indeed 
they form one of the most striking instances hitherto met 
with of the value of fossils in identifying strata. . The 
limestones are termed magnesian from their position, more 
than from the &ct of their containing that earth, as Dr. 
Dalton found in a specimen from near TinkerVbrow, 
exclusive of the iron, about 36 parts of clay, 36 of lime, 
and 28 of carbonic acid.t It is probable that some of the 
beds may contain a portion of magnesia, but their precise 
chemical constituents are, as yet, I believe, unknown. 

The marls generally known by the name of ^*i^ 
raddle," and their accompanjdng limestones, are of very 
variable thicknesses, as will be seen in the following re- 



* Manchester Literary and Philosophical Society's Transactions. Vol. 6^ 
p. 148. t I^icl. 
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marks. Generally speaking, (with the exceptions before- 
mentioned) they have been found under the upper sandstone 
in all the borings and sinkings in this neighbourhood. 
Unfortunately they are seldom exposed to view. The 
only places where they have been seen, except in borings, 
are Newtown, Monton, Chat Moss, Bedford, and Ather- 
ton. They contain an abundance of marine shells (as 
will hereafter be described) in a most beautiful state of 
preservation. 

In the strip of new red sandstone intervening between 
the coal fields of Manchester, Denton, Ashton, and Old- 
ham, in Jericho Clough, near Medlock Yale, Mr. Bradbury 
found them to be fifty-one yards and four inches in thick- 
ness, resting on the lower new red sandstone. 

At Giant's Seat Lock, in the Valley of the Irwell, a 
patch of red marls is found dipping under the upper new 
red sandstone. No organic remains have been found in it ; 
but, firom its position and appearance, it is most probably a 
portion of this deposit. 

On the main range of the sandstone they basset out in 
the Valley of the Irk, at Newtown. They have been 
found, in boring, at Longsight Hall;* Mr. Buchan's, 
Chancery-lane, Ardwick;t Messrs. Boardmans', Oak- 
street ; Messrs. Hoyle and Co.'s, Mayfield, fifiy-one yards 
and ten inches thick, containing about ten beds of hard 
rock, probably limestone; Messrs. Beevers', Miller's-lane, 
near ninety yards thick ;| Messrs. Clemsons', Horrocks, 
eighty yards ; || Messrs. Dewhurst and Co.'s, Greengate, 
Salford, seventy yards, containing four thin limestones tmd 
a thin gritstone ;§ and at Messrs. Lomas and Bradbury's, 
Strangeways, as follows : % 



* Mr. Fletcher, Longsight. f Mr. Bradbury, Clayton. 

X Mr. Hunter. || Mr. Vaughan. 

§ Mr. Tillison. 

f Mr. John Leigh kindly furnished me with these notes of borings. 
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139 10 
The next place where they huve been mel with k 
between MontoB B^ook and Patrienrfit^ where Mr. Lan- 
eaater, in sinkings has found them twelve yards thiek, 
and containing beds of limestone of the aggregate thiek- 
ness of feur feet,* full of nmilar organic remains to those 
of Newtown, hereinafter described. They have beea 
proved to extend en the rise and dip about four hundred 
aad fifty yav^* Their range is said to be nearly mag- 
netie north; but little is known of its extait The dip 
is ten degrees west of soutl^ at an angle of about ^ht 



They have been found bek>w Worsley, on Chat Mess, 
and were extensirely wodced by Mr. Coleby, a little to the 
nmth of Bedford* At this pkce they are about twenty 
yazda thick, and ootttain ten feet of limestone in twAre 
beds, parted by thin layers of marl, called by the workmen. 
^^ Gingerbread." t Their dip is to the south, at an angle 
of about eight d^ees. 

* Mr. L^ewter, jvn. f Mr. BatUnby, Bedford. 
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Th^y buve been wortied at AtheHon, but the IfamstoMi 
tbexe are nueh thinoer than at Bedford. 



l.QWin K^W W& SAMI^STQNB. 

Thifirpckis of extremely variaUe eolonr and oonaisten^, 
at one tine p:!e9eiil3ng the wne d^ijc ired tint^ vaiiegated by 
palehea ef a yellowidi diab odowr, as the iq>per lock; al 
another place that of a ^vty green. In parts of the same 
qwrry,. as at VawchaU^ the upp^ povtion of the lock is 
eoiopqaedl of eoairse glohnlar gnoBAof nearly iacfjuwr^yi red 
8aad» while the lower part is <tf loi extv^adly fine ldnd» 
much used for ino^diiig purposes^ Nodules, with thin ooal* 
ings of rich oxide of iron, occur in the bottom portion. It 
consists of small pebbles isi white quartz, sometimes mixed 
with fragments of jasper and greenstone, all coloured 
by eside of von, and y^ slightly cemented together with 
elay* (JeperaUy speaking, it is very m«di in its oompop 
nent parts like the upper ro^ except, perhaps, th«t its 
giaias are not so thickly coated with oxide of icon, and 
thai pebUes as large as a pea are n«rely, if ever, found 
m It. 

Its thicknees is eaitranely Fariable. It has be^ always 
fttottd oonfetmable to the magnesian marls, into wMdi it 
gradually passes. Where these last strata hare! bec^ pei^ 
feraled, it has generally ooewred* In the strip <rf new red 
sandstone lying between the Manchester coal field and tibat 
of Denton^ Ashton, and Oldham, near Medfeck Vale, Mr. 
BeadlMiry found it rixteen yards thid:, resting on coal mea*- 
suies. In the main range of that depont, Messrs.. ThcNBOtas 
Hoyk and Co., at Mayfield, bored in it twenty yards, 
and Messrs^ Beever penetrated it thirty yards, in IMQUer^s^- 
lanc^ wiAoijit going throi^h it.* It is* seen outcrop^g in 
the VaUey of the Irk, at Vauxhall, where it must be near 

* Mr. Hunter. 
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forty yards tluck, and has been found at Messrs. Dewhurst's, 
Salford, and Messrs. Lomas and Co.'s, Strangeways. 
Under the magnesian marls, at Patricroft, in Mr. Lan- 
caster's rise shaft, it is only eight yards thick, is of a dirty 
green, and rests on twenty-five yards of coal measures, 
luder which occurs a yard coal. Its dip is exactly the 
same as the two superior members of the new red sand- 
stone, and the lower coal measures.* 

The limestones of Bedford, I am informed by Mr. Bat- 
tersby, rest upon this rock, which overlies Mr. Higginson's 
coals, (a four feet mine and a smaller one,) but its thick- 
ness and inclination he was unable to give me. 

THE CARBONIFEROUS STRATA. 

From the foregoing remarks it must have been seen that 
the coals of Clayton, Bradford, and CoUyhurst, fdnmng 
what is called the Manchester coal field, are probably an 
elevated mass entirely surrounded by the new red sand- 
stone: the district lying between Mr. Jonathan Andrew's 
works, in the Valley of the Irk, near Smedley, and Cheet- 
ham Vale, is the only part wherein a doubt can exist. 
Owing to the thick covering of diluvium, and the want 
of evidence by borings and sinkings, I am prevented 
fipom adducing an absolute proof of the occurrence of the 
new red sandstone between these two places. There has 
lately been some other evidence furnished; in sinking a 
well at Mr. Roylance's residence, in Smedley-lane, which 
is about midway between the two points, the deep red 
colour of the coal measures clearly indicated the vicinity of 
the new red sandstone. However, there can be no question 
of the upper new red sandstone running up on the eastern 
side to Mr. J. Andrew's works, near SiHedley old milt, firom 
Levenshulme, in a line nearly due north and quietly restmg 

* Mr. Lancaster, jun. 
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oa the basset edges of the coals ; and that the same deposit 
akurts the coal measures on their strike through Ardwick 
and Manchester to near the intended Leeds Railway 
Station, in Lees-^treet, Oldham-road. The coal measures 
are there thrown down by a fault on their rise and dip, 
which has been proved to be filled with new red sand- 
stone, under St. George's Church and TinkerVbrow to 
Cheetham Vale. The shape of the field is that of a 
wedge, having its base at Collyhurst and Smedley, and 
its point a little north of Levenshulme. That this is the 
fig^ure of the coal field, as yet known, (in whatever direction 
the new red sandstone may run,) is abundantly proved by 
workings and natural sections. It is about three miles and 
a half long, and one mile broad, at the broadest part. The 
general dip of the strata is south-south-west, at an inclina- 
tion of eighteen degrees. 

The Pendleton coal field is a part of the great Lancashire 
deposit, gradually increasing in dimensions as it approaches 
Bingley on the north-west, and Worsley on the west, up 
to both which places from Manchester, it is bounded by 
the new red sandstone formation. Its shape is nearly similar 
to that of the Manchester coal field. The range of the 
coals is about north-west ; and the Irwell fault runs nearly 
magnetic north, so that the field gradually extends from 
the point at Pendleton to the base at Ringley and Worsley. 
The general inclination of the measures is a little west of 
soutiv t^t an angle of about eighteen degrees. At Monton, 
Mr« Lancaster's coals, at the rise pit, dip in that direction, 
at an angle of about eight degrees, similar to the new red 
sandstone formation there. 

THB VALLBY OF THB MEDLOCK. 
(See Plate I. Sec. \.) 
1 he upper red marls are found resting on the upper new 
red sandstone at All Saints* Church, and are perfectly con- 
E 
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formable to the latter deposit in the amount and direction 
of their dip. From that place to the chapel in Every-street, 
the distance is occupied by the upper sandstone, which in- 
clines south-west, at an angle of about ten degrees. From 
the chapel to the turn in the Medlock, a distance of about 
two hundred yards, nothing is known of the nature of the 
strata, but most probably the outcrops of the red marls 
and the lower red sandstone would be found on searching, 
as both those deposits have been proved to exist on the 
dip at Mayfield. At the turn of the river Medlock, below 
the chapel, are seen several beds of variegated marls, parted 
by^ thin bands of gritstone, and containing impressions of 
a shell resembling the Unio ; they dip to the south-south- 
west, at an angle of eighteen degrees, and are now con- 
sidered to be the highest part of the carboniferous strata in 
Lancashire. Succeeding these occur six beds of freshwater 
limestone, lying intermixed with red ckiys, fire clays, shales, 
and fine-grained sandstones, and containing two beds of 
coal, each about six inches in thickness. The floors of the 
ieoals afford the Stigmaria ^co/(fe«, Calamites, and other 
coal plants, and a bed of bind above the main limestone 
yields the Neuropteris cordata and most of the other 
plants of Leebotwood and Uffington, in Shropshire.* The 
limestones and the coal basses yield a shell similar to that 
before-mentioned, a Cypris, probably the inflata^ Micro- 
conchus carhonarius^\ remains of several species of fish 
of the genera Ctenoptychius, Megalicthys, Diplopterus, 
Palseoniscus, Platysomus, Diplodus, and large bony rays, 
resembling those found at Burdic House, in Scotland, as 
well as many entirely new ones. The thickness of these 

* The occurrence of the freshwater limestones, separated by coal mea- 
sures, and containing the same fossils at such distant points as Ardwick, 
Uffington, and Leebotwood, is a striking proof of these upper members of 
the coal field extending under the new red sandstone plain of Cheshire. 
\ Murchison's Silurian System. 
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strata, from the turn in the river to the Beswick Toll Bar, 
is about one hundred and fifty yards. From the last- 
named place to the Openshaw coal, (the highest mine 
that has been worked in this neighbourhood,) it must be 
near one hundred yards. The Bradford and Clayton mines 
next succeed here, and seven beds have been worked. 
Their names are the Charlotte, Three Quarters, Four 
Feet, Yard, New, Doctor, and Two Feet, mines. These 
are bounded by a thin grit rock and stone binds, (seen in 
the river, twenty yards above a garden,) under which are 
du-ee thin seams of coal, and then occurs the gritstone, on 
which Mr. Wood's weir, at Bank Bridge, is erected, dip- 
ping to the south-south-west at an angle of about twenty 
degrees: this rock abutting against the upper new red 
sandstone, to which it is unconformable. 

The fault in which the upper sandstone lies, ranges here 
due porth and south. In some places this rock overlies the 
basset edges of the coals, and in others a bed of stiff red 
clay, of about a foot in thickness, intervenes between them 
and the sandstone. This £Eiult is not vertical, but inclines 
to the east from one foot in two to one in four, the inclina- 
tion often varying. Great blocks of stone and coal recline 
on its sides, exhibiting appearances similar to what would 
be seen on a shelving bank of coal measures lying at the 
sur&ce. The grit rocks project towards the sandstone fur- 
ther than the shales, forming little terraces, and bear marks 
of the action of water on a coast line ; no fractures or flex- 
ures appear in the sandstone to indicate the formation of 
the fault since its deposition, but, on the contrary, every- 
thing shews it to have been long subsequent.* I call the 
point where the new red sandstone formation abuts against 
the coal measures, the faulty for the exact line of the dis- 

* Mr. Bradbury, of Clayton Colliery, a gentleman well known for his 
sound practical information on mining subjects, has liberally furnished me 
with this and much other yaluable information. 
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location in the latter strata we can never hope to determine, 
since its e.lges have been worn down and afterwards covered 
with new red sandstone. 

The upper sandstone has been proved by Mr. Bradbury 
to extend up the valley to near Mr. Otho Hulme's estate, 
at Medlock Vale. Borings were commenced p, Mr. Wood's 
house, Clayton Vale, where the sandstone was penetrated 
ninety-eight yards, and they were continued, at interme- 
diate points, to a less depth, beyond Clayton Bridge to 
Jericho Clough. The sandstone at Clayton Bridge was 
found to be fifty-nine yards thick, lying upon red marls. 
On the supposition that it would dip at a similar angle to 
the coals at Clayton, namely, at eighteen degrees, Mr. 
Bradbury calculated the rise, and bored again, when, in- 
stead of meeting directly with the marls, as he would have 
done had the sandstone been conformable to the coals at 
Clayton, it was found thirty yards thick ; the next boring 
proved it nine yards : and ftirther up, in Jericho Clough, 
adjoining Mr. Hulme's estate, it had cropped out. 

Notes by Mr. Bradbury of the borings in Jericho 
Clough, 1825. 

yds. ft. in. 

Marl or clay 7 

Sand 4 

Marl 3 

Sand 1 

Strong stony marl 6 16 

Grey yellowish rock '. 10 

Red shaly marl with white grit 8 16 

Soft white rock 16 

Red floorclay 16 

Variegated clays 3 16 

Whitish limestone 6 

Red shaly measures, which effervesce in acids... 8 2 

White gritstone 6 
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yds. ft. in. 

Soft red floor clay '. 1 3 

White gypsum?* 9 

Red and white variegated measures 3 2 6 

Hard brown rock, containing iron and a little 

lime 2 6 

Kind blue shale 6 

White calcareous rock 9 

Soft kind blue measures 3 

Variegated clays 11 2 6 

Bastard canky limestone, very hard 10 

Soft red floor clay 1 

Grit rock, ftdl of sharp grains of quartz that 

rasped the chisel very much 16 

Red floor (soft) 1 

Dirty brown rock mixed with tough clayey dirt, 

very unlikely for coal 11 1 

Brown bastard rock 3 

Red clay floor 2 

From these results, the rock dips at an angle of about 
eight degrees to the south-west. What coal measures these 
are, it is difficult to say; but from their red clays, (presum- 
ing that they have not been coloured from their proximity 
to the new red sandstone,) they seem most like the upper 
measures at Beswick. The first outcrop of the coal mear 
sures, ftirther up in this valley, is seen in the weir at 
Waterhouse's, lying in a nearly vertical position. After- 
wards, the Fairbottom Company's coals soon come on, 
which have only a moderate dip. 

THS VALLEY OF TH£ IRK. 
(See Plate I. Sec. 2,) 
Proceeding from the Exchange, along the Old Rochdale 
Road to Newtown, the upper new red sandstone is found 

* I believe that this was merely termed gypsum from its white colour. 
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underlying the whole distance. Its dip in the river course, 
opposite Messrs. Clemsons' works, Horrocks, is south-west 
at an angle of ten degrees. On the northern side of the 
Irk, near Mr. Worthington's house, this rock is found rest- 
ing conformably on the red marls, into which it gradually 
passes. Both dq)osits incline to the south-west at the 
angle above-mentioned. 

These noiarls have been chiefly examined on the Newtown 
side of the river, at the culvert, a little south of the Bull's 
Head Inn. It was at this place that I and my friend Mr. 
John Leigh procured the fossil shells which were submitted 
to the Geological Society of London some years ago. We 
then erroneously supposed that the deposit was a patch of 
the upper red marls, and not, as it is now clearly proved to 
be, the representative of the magnesian limestone, although 
so vastly different in appearance. 

A considerable portion of the deposit must have cropped 
out before it comes to the culvert, probably near twenty 
yards. From cuttings which have been made, it appears 
to consist of a strong red marl. 

The beds at the culvert occur in the following (descend- 
ing) order — 

1 . A layer of soft clay, of a dull white mixed with streaks 
and patches of a dirty red, five inches thick, containing no 
organic remains. 

2. Hard red marl of a homogeneous texture, six inches, 
containing in its middle a single line of shells of the genus 
Avicula, but they are so fragile that it is nearly impossible 
to extract them entire. 

3. A white calcareous friable paste, resembling fulWs 
earth, traversed with lines of a beautiful red, arising from 
decomposed shells, five inches. 

4. A light-coloured calcareous band of a soft crumbling 
nature when first dug up, but it becomes quite hard on 
exposure to the atmosphere. The upper part of it contains 
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an immense number of minute marine shells, the majority 
of which are broken in pieces ; some few, however, occur 
perfect. Captain Thomas Brown, F.L.S., &c., has been 
kind enough to figure and describe the following:* Uni- 
valves — Rissoa Leighii pucillOf and minutissimaj Turbo 
Mancuniensis and minutusj and Natica minima. Bivalves 
— Avicula infiataj discors, Binneyi, and Area costata. 

5. An argillaceous deposit of a dark red, having its top 
and bottom bounded with bands of light-colour, five inches 
thick. It contains the casts of the Axinus obscurusy and 
those of the three species of Avicula above-mentioned, 
generally with their valves extended. 

6. A hard limestone of a dirty white, four inches thick, 
containing a great number of casts of all the above shells. 

7. Variegated marls, three inches, containing casts 
(chiefly white) of all the above shells. 

8. Dark red laminated marls, occasionally marked by 
bands and patches of a dirty white. The upper portion of 
it, to the depth of a foot, is nearly composed of the casts of 
shells ; those of most of the bivalves being extended. In 
addition to the above-named shells, are Bivalves — Axinus 
undatusy parvus, pucillus, and rotundatuSf and Lucina 
minimas. Univalves — Rissoa Gibsoni and Obtusa. Casts 
of a circular body, resembling an Echinus, also occur. 
After going down more than a foot, the shells are seldom 
found. 

Mr. Leigh and myself sunk ten feet into the last- 
described bed, and then bored twenty-four feet to a hard 
ferruginous limestone four inches thick. Under this last 
deposit occur variegated marls and brown shales, which, 
on the other side of the river, at Worthington's weir, are 
seen resting on one foot of hard canky grit, under this are 



* For description of the fossil shells see Appendix, at the end of this 
paper. 
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three feet of stiff red laminated clays, (full of little circular 
bodies, resembliDg the casts of a very small Ammonite,) 
which become gradually arenaceous, and finally pass into 
the lower red standstone. 

The shells found in these deposits are considered to have 
belonged to creatures inhabiting saltwater, probably a quiet 
estuary ; indeed, the extremely fine particles composing the 
marls, their laminated structure, and the extended valves 
of the shells, united as they must have been by a fragile 
ligament, all indicate a regular and quiet flow of water 
in a sheltered situation, and very unlike what we should 
expect to find on a stormy line of coast. The substance 
of the shell has in most instances been entirely removed, 
and a cast either in red clay or carbonate of lime, display- 
ing all the minute striae substituted. The deposit, No. 4, 
contains the greatest number of fossils retaining a portion 
of their original shells, but some few have been met with 
in No. 8. 

Many of the animals inhabiting the shells must have been 
dead at the time of their entombment, as is clearly proved 
by the open valves ; but that they remained long exposed 
at the bottom of the water seems nearly impossible, as the 
ligaments uniting the valves would have soon given way, 
and thereby caused their separation. The closed and par- 
tially extended valves of the bivalves are generally of a 
white colour, as are also many of the univalves. 

Under all the circumstances, I think we may be allowed 
to infer that the marls were quickly deposited, as the 
extended valves and perfect condition of the shells seem to 
prove. The limestone, however, has every appearance 
of a much slower deposition ; and in it by far the greater 
number of the shells have been broken into small pieces. 
Many of the small shells are found quietly lodged in 
the inside of the larger ones, which could not have been 
the case had the more powerful inhabitant been alive to ' 
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prevent the intrusion, and which would most certainly not 
have been attempted, and, in fact, could not have happened 
under any circumstances until the death and decomposition 
of the former occupiers. 

The marls gradually pass into Mr. Buckley's sand rock 
at Vauxhall, known by geologists as the lower red sand- 
stone; a deposit which, I believe, is seen in no other 
natural section in the county of Lancaster. The lines of 
stratification are very difficult to determine, owing to the 
number of joints which intersect the rock in several direjB- 
tions, but its general dip, in the opinion of the quarrymen, 
is west-south-west, at an angle of from sixteen to eighteen 
degrees. It must also have a considerable inclination to 
the north-west, as proved by the sinkings at Messrs. Lomas 
and Co.'s works, at Strangeways, where the lower part of 
the red marls was found to be near one hundred and forty 
yards deep as before-mentioned. Under the point called 
Tinker's-brow, the fault, which has thrown down the coal 
measures, is crossed, and the lower new red sandstone is 
seen reposing on strata occurring below the coals at 
Clayton ; these coal measures are partly unconformable to 
it, and dip ten degrees east of south, at an angle of twenty- 
four degrees.* From the workings in Mr. Buckley's 
neighbouring mines, where three of the Clayton coals are 
worked, it is evident that the coal measures comprising the 
Manchester coal field have been thrown down in the Valley 
of the Irk and under Cheetham by a fault, on their rise 
and dip, in a line running from ten degrees west of south 
to ten degrees east of north, and that all the before-described 
members of the new red sandstone have been deposited after 
the depression of the coals, and that they, in fact, overlie 

* The measures at the edge of the fault are probably no fair evidence of 
the general dip which in Mr. Buckley's collieries is south-south-west, at an 
angle of eighteen degrees. The strata as they approach Smedley also have 
a similar dip. 
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the whole of the workable portion of the Manchester coal 
field. After deposition, the members of the new red sand- 
stone group have been raised up by forces which have 
subsequently elevated the coal measures, as is apparent 
from th*e present inclinations of the strata, especially along 
the edge of this fault. 

The measures immediately under the Vauxball sandstone 
are succeeded by Mr. Appleton's Collyhurst rock, which 
rests upon strata containing a ten-inch coal, seen near Smed- 
ley Bridge. The thick grit rock of Smedley then occurs. 
This affords very fine specimens of fossil coniferous wood. 
Under the Smedley rock a coal, near fifteen inches, has 
been found at the Old Hall; and betwixt that place and 
Messrs. Appletons' Paper Mill, a sixteen-inch and a three- 
feet coal, it is reported, have been discovered.* Beyond 
this very little more is known of the Valley of the Irk. 
The fault seen at Bank Bridge is continued {^ross this 
valley, as is evident from the borings at Mr. Jonathan 
Andrew's works, where the upper new red sandstone was 
found. The breadth of this deposit in the valley is not 
known ; it cannot, however, be so wide as I have before 
proved it to be in the Valley of the Medlock, the Moston 
colliery clearly indicating its boundary eastwards. 

THB VALLEY OF THB IRWELL. 
(See Plate I. Sec Z,) 
The upper new red sandstone is seen inclining at a mode- 
rate dip to a little west of south in the quarry at Oatbank, 
Eccles New Road, and disappears under the diluvium, below 
Claremont, which then covers the country to the Valley of 
the Irwell. At the Pendleton colliery, according to the 
opinion of practical coal miners, the two upper beds now 
worked there are identical with similar beds in the Clayton 

• Mr. Bradbury, overlooker for the Bradford Coal Company. 
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and Bradford fields. There are several other seams, all 
found abutting the upper new red sandstone, in a similar 
manner to the coals at Bank Bridge, except that the fiiult 
is generally steeper.* Their dip is nearly south-south- 
west, at an angle of eighteen degrees. The depth of this 
&ult is unknown, and will probably ever remain so at this 
point, although it may be estimated near Ringley. Some 
suppose it to be a down throw of full one thousand yards. 
It is filled up and occupied by the upper new red sandstone, 
which disappears under the diluvium of Kersal Moor, and 
cannot further be traced in that direction. The dip of the 
sandstone is south-south-west, at an angle of firom eight to 
twelve degrees. As in the faults at Bank Bridge and in 
the Valley of the Irk, the coal measures here have been 
raised up since^ as well as before^ the deposition of the sand- 
stone, as is evident fi-om the dip of the latter. 

The upper new red sandstone is seen at Patricrofl;, in- 
clining ten degrees west of south, at an angle of eight 
degrees.f It bassets out under Mr. Lancaster's engine, 
and is succeeded by twelve yards of red marls with lime- 
stone, and eight yards of lower red sandstone, which last 
deposit, at the rise pit, is twenty-eight yards above the 
Yard mine ; seventy-five yards farther down the Four Feet 
mine is found-t The coals have, according to Mr. Lan- 
caster's account, exactly a similar inclination as the over- 
lying new red sandstone strata. Both formations are 
cut oflF by a vertical fault, which nms in a northwardly 
direction, and is filled with the upper new red sandstone 

* Since this paper was read the workings in the new pits of the Pendleton 
Coal Company, at a depth of four hundred and eighty-four yards, seem to 
prove that the inclination of the fault diminishes as you proceed deeper. 
The chief part of their workings here are imder the slope of the fault. 

t It was originally intended to have furnished a section of the country 
from Patricrofit to Giant's Seat, Ringley, but from the want of positive evi- 
dence on some part of the district, it could not be completed. 

X This information was given prior to^he sinking of the Engine pit. 
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as far as it has been proved. Nothing definite is known 
of the country from Monton to Swinton ; so the breadth 
of the new red sandstone occupying the fault is at pre- 
sent unknown. At Bury Lane, the Three Quarters and 
Four Feet mines are foimd dipping ten degrees west of 
south, at an angle of sixteen degrees. The Clifton mines, 
as well as Mr. Fletcher's new Three I'ards cannel, and the 
Old Doe coals, have a similar dip. In the Valley of the 
Irwell, at the turn of the river, near Giant's Seat Lock, 
the coal measures lying above the Doe coal abut against 
the upper red sandstone in the Irwell fault. The side of 
the fault here slopes a little to the east-south-east. The 
upper sandstone deposited in it appears very thin, and dips 
at an angle of from ten to twelve degrees, a little west erf 
south. Under this rock occurs a deposit of red and varie- 
gated marls (probably the magnesian), seen near Giant's 
Seat Lock, on the banks of the canal. The lower red 
sandstone has not yet been observed. Messrs. Brownbill 
and Co. work the Four Feet mine, and, I believe, a smaller 
mine has been found above it. At this place, the dip of 
the coals is nearly south, at an angle of twenty-one de- 
grees. The roof of the four feet coal affords exactly 
the same remains of fossil fish as those of Bradford and 
Pendleton. 

CONCLUSION. 

It will have been seen from the foregoing remarks that 
the coal measures in this neighbourhood were elevated from 
the level on which they were originally deposited, prior to 
the deposition on their edges of the new red sandstone for- 
mation. Had this not been the case such a great variation 
in the inclination of the two formations would not have 
been found. Undoubtedly the elevation has taken place at 
several periods, both before and since the deposition of the 
new red sandstone; the forces producing those elevations 
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appear also to have acted in similar directions, as we find 
the upper new sandstone and the coals generally dipping in 
nearly the same direction, though at different angles. 

On looking at the present coal fields in our neighbour* 
hood, namely, that of Clayton and Bradford, on the one 
side, of the town of Manchester, and that of Pendleton and 
Clifton, on the other, it is highly probable that the former 
was an island, and the latter a peninsula, around which 
washed the waters that deposited the members of the new 
red stone. In the former case a strait would have inter- 
vened between the Manchester coal field and that of Den- 
ton and Oldham, in the other a deep inlet would have 
separated Whit-lane and the coal field lying beyond Prest- 
wich, while the area now occupied by Red-bank, Newtown, 
Cheetham, Strangeways, and Broughton, led both to an 
open sea. In these waters the currents seem to have flowed 
with very different velocities, as is evident from the coarse 
grained sand of the lower red sandstone, the comminuted 
mud of the red marls with limestone, the fine sand mixed 
with large pebbles of the upper sandstone, and the fine 
grained silt of the upper red marls. Under the above cir- 
cumstances, we should expect to find some remains of the 
former inhabitants of these waters, especially when the 
conditions appear to have been most favourable for the 
existence of animal life. Both the sandstones and the upper 
red marls have as yet afforded few organic remains in Eng- 
land ; in the first two we should hardly look for them, as 
they are very seldom found in deposits of a similar cha- 
racter ; but in the latter it is certainly difficult to account 
for their rare occurrence. However, the limestone and 
marls of Newtown, and the limestones of Monton and 
Bedford, yield them abundantly. That the remains are 
not those of creatures who lived in an open sea, but of the 
inhabitants of a sheltered bay, is proved by the habits of 
recent genera of Conchifera and MoUusca now tenanting 
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the deep. Thus a strong confirmation is by them afforded 
of the view before taken of the condition of our neighbour- 
hood after the elevation of the coal measures, and during 
the deposition of the new red sandstone. 

If the facts stated in this paper relative to the new red 
sandstone formation having been deposited in great dislo- 
cations and depressions forming deep bays running both 
into and over the coal field be correct, there is every reason 
to believe that coals are to be found under it. The 
collieries of Mpnton and Bedford, and the borings at Med- 
lock Vale, clearly prove a fact which has long been known 
in the eastern coal fields of England, that the mines are in 
nowise injured by running under the magnesian limestone. 
The great difficulty is in finding the members of the new 
red sandstone formation, so thin as to make it prudent 
for persons to incur the expense of sinking through the 
deposits which we have seen are so very variable in their 
thickness. The sandstones also, especially the lower one, 
are well known to hold immense volumes of water, and 
when these rocks are of considerable thickness, it is nearly 
impossible to keep it out of shafts, even by the application 
of the most expensive metal tubbing. Although,.doubtless, 
a great extent of coal lies beneath the new red sandstone, 
probably extending from the Lancashire and Cheshire fields 
under the country to Neston on the Dee, and Leebotwood 
and Uffington in Shropshire, stored up for future genera- 
tions, still,. under existing circumstances, at the present 
price of coal, it is extremely doubtftd whether, except in 
some few special instances, coal can be worked to profit 
under this deposit. 
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APPENDIX. 

Description, by Captain Brown, of the Fossil Shells found at 
Newtown. 

CLASS I. MOLLUSCA. 

1. Turbo Mancunibnsis. Plate VI. Fig. 1, 2, 3. 
Shell ovate ; body large ; spire short, consisting of three 

ventrieose volutions separated by a channelled suture; body 
provided with many prominent, spiral ribs; three on the 
body above, with five or six concentric ones beneath, and 
two on each of the volutions of the spire ; these are crossed 
by numerous longitudinal wrinkles ; aperture large, orbicu- 
lar ; outer lip expanded, smooth ; pillar lip with an oblong 
umbilicus behind it. Length upwards of a quarter of an 
inch ; body nearly the same in diameter. 

2. Turbo minutus. Plate VI. Fig. 4, 5. 

Shell slightly ovate, body very large ; spire very small, 
consisting of three abruptly diminishing volutions flattened 
above, terminating in an obtuse apex, and divided by a 
somewhat grooved suture; aperture orbicular; outer lip 
slightly notched on the edge, produced by the projecting 
ribs; whole shell covered with strong, slightly undulous 
transverse costae, two on the superior portion of the body, 
the lower one so much larger than the others that it pro- 
duces a carinated appearance ; four or five concentric ribs 
below; base of body flattened, with an umbilicus behind 
the pillar lip. 

3. RissoA puciLLA. Plate VI. Fig. 6, 7, 8. 

Shell smooth, ovate; body large, inflated; spire short, 
consisting of three ventrieose, deeply divided volutions, 
terminating in a somewhat obtuse apex; aperture ovate; 
columella subumbilicate. 



Digitized by 



Google 



64 Me. Binney on the Geology of 

This species differs from the R. Leighi in the volations being much less 
oblique, and being only one-sixteenth of an inch in length, and nearly the 
same in diameter. 

4. RissoA Leighi. Plate VL Fig. 9, 10, 11. 

Shell smooth, oblong ovate; spire long, consisting of 
four deeply divided inflated volutions, terminating in a 
somewhat obtuse apex ; apertnre ovate, slightly contracted 
above, and rounded at the base ; columella subumbilicated. 
Length one-eighth of an inch ; breadth one-fourteenth of 
an inch. 

5. RissoA MiNUTissiMA. Plate VL Fig. 12, 13, 14. 
Shell smooth, slightly ovate; body very large, ventri- 

cose; spire very short, consisting of two abruptly tapering, 
deeply divided volutions, flattened above, and terminating 
id an acute apex; aperture nearly orbicular; outer lip 
smooth, projecting considerably from the body above. 

6. RissoA GiBsoNi. Plate VI. Fig. 15, 16, 17. 
Shell smooth, oblong-ovate ; spire and body of nearly 

equal length; spire consisting of four not very oblique, but 
rapidly decreasing volutions, terminating in an acute apex ; 
suture well marked, but not deep; aperture ovate; outer lip 
smooth. Length not quite a quarter of an inch ; breadth 
somewhat more than one-eighth of an inch. 

7. RissoA OBTUSA. Plate VI. Fig. 19, 20, 21. 
Shell ovate, smooth, ventricose; spire nearly equal to 

the body in length, consisting of three depressed, subtur- 
reted volutions, divided by a deep suture ; aperture nearly 
orbicular; pillar lip not reflected, but provided with a slight 
umbilicus at the base of the columella. Length upwards 
of a quarter of an inch ; diameter not quite so much. 

8. Natica minima. Plate VL Fig. 22, 23, 24. 
Shell ovate ; body large ; spire small, consisting of two 

clepressed volutions ; aperture similunar. 
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CLASS II. CONCHIFERA. 

9. AvicuLA INFLATA. Plate VI. Fig. 25, 26. 

Shell smooth, oblique, inflated, transversely oblong- 
ovate ; hinge placed much to one side, where it is narrow 
and subcompressed, and the auricle small and acute, widen- 
ing rapidly towards the opposite extremity. Length three- 
sixteenths of an inch ; breadth a quarter of an inch. 

10. AvicuLA Binneyi. Plate VI. Fig. 27. 

Shell smooth, oblique, umbones, prominent, acute; su- 
perior auricle large, inferior auricle very small; hinge 
margin straight; posterior extremity abruptly narrowed; 
anterior side very broad; centre of valves considerably ven- 
tricose. Length three-sixteenths of an inch; breadth 
nearly a quarter of an inch. 

11. Avicula discors. Plate VI. Fig. 28. 

Shell smooth, oblique ; posterior side short, acute ; ante- 
rior side very broad; superior auricle large; inferior auricle 
small, parallel with the hinge line; umbones small, pro- 
minent. Length a quarter of an inch; breadth nearly 
three-eighths of an inch. 

12. AxiNus ROTUND ATUS. Plate VI. Fig. 29. 
Shell nearly orbicular; umbones almost central, acute, 

and remote; surface smooth. Length upwards of three- 
eighths of an inch ; breadth nearly half an inch. 

13. AxiNUS PARVUS. Plate VI. Fig. 30. 

Shell smooth, subtriangular, somewhat inflated; umbones 
prominent, inflated, and contiguous; posterior side acute, 
oblique, and elongated; anterior side short and rounded. 
Length upwards of a quarter of an inch ; breadth nearly 
three-eighths of an inch. 

14. AxiNUS UNDATUs. Plate VI. Fig. 31. 

Shell subtriangular, smooth, inflated; umbones small, 
obtuse; sides nearly equal; anterior side rounded; posterior 
side acute ; from the centre of the valve emanates a trian- 
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gular flexure, tenninating in the baseal marg^. Length 
three-eighths of an inch ; breadth half an inch. 

15. AxiNUS PUCiLLUs. Plate VL Fig. 32. 

Shell triangular, smooth ; umbones very prominent, and 
nearly central. Length one-eighth of an inch; breadth 
the same. 

16. LuciNA MINIMA. Plate VL Fig. 33. 

Shell orbicular, suboompressed, smooth: umbones nearly 
central, and but slightly produced. Diameter about one- 
eighth of an inch. 

17. Arca costata. Plate VL Fig. 34, 35. 

Shell transverse, oblong-ovate; posterior slope exceed- 
ingly short ; anterior slope very long ; umbones small, and 
but slightly produced; both valves provided with three 
prominent ribs, emanating from the umbones, and diverging 
towards the superior portion of the anterior slope ; whole 
shell covered with irregular, nearly obsolete concentric 
wrinkles. Length five-sixteenths of an inch ; breadth up- 
wards of half an inch. 
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ART. III. 

Observations on the Lancashire and Cheshire Coal 
Fields with a Section. By E* W. Binney. 

Read Slst of October, 1839* 

On looking around us, and observing the numerous manu- 
fisuHiories of the town of Maudbester and its neighbours- 
hood, and the great population which gains its subsistence 
from the various branches of the cotton trade, we are 
led to inquire bow such vast effects have been pro* 
duced. Some attribute the cause to the native industry of 
the population, aided by a superior genius for inventing 
machinery. Doubtless both these qualities have greatly 
assisted, but the main cause arises, not from any living 
agents, however industrious or skilful, but from the dead 
earth itself and the invaluable minerals therein deposited 
by an all-beneficent Creator. The rocks lying under and 
around us, stored with that most useful and valuable of 
mineral products, Coal, are the true source of our manni&c- 
tuiing greatness^ The streams of water near the town 
might have afforded some fiidlities for carrying on the 
trade, but they are, comparatively speaking, trifling to 
those which many other neighbourhoods possess; and 
without the aid of the giant power of steam, Manchester 
could never have attained that celebrity which it holds 
throughout the civilized world. Glasgow, Birmingham, 
Leeds, Sheffield, Wolverhampton, and various oth^ 
manufacturing towns are situated in the vicinity of 
valuable coal ficdds, whence they derive fuel for their 
numerous steam engines; and they, like ourselves, are 
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chiefly indebted to the mineral treasures of the earth for 
their importance. 

Few portions of the earth's surface have benefitted man- 
kind by their mineral products to the extent that the coal 
field of Lancashire and Cheshire has done. Other districts 
of England may probably possess fields of greater area, but 
for richness and position, taking into consideration its num- 
ber of beds as well as its extent, it is probably inferior to 
none. Surely the source of so much wealth and power is 
a subject— the investigation of which ought to interest not 
only the opulent manufacturer but the humble operative, 
since both are alike dependent upon it. Why it has 
attracted so little notice, it is difiBcult to conceive; yet, 
certainly, for the extent of its workings, few facts have 
been collected and arranged. Although the jealousies of 
coal owners may have prevented them from giving to the 
public the result of their observations, still the inquirer 
after truth might have resorted to the fine sections whidi 
nature has so profusely exposed to our view in the valleys 
that traverse the country — sections more to be relied on 
than those which are so carefully treasured up by some coal 
proprietors. 

It is from natural sections checked by shafit sinkings, 
kindly furnished by the liberal-minded coal proprietors, 
that we must for the most part draw our information, until 
the remainder of that body can be convinced that it is for 
their own interest, as well as for the general benefit of 
science, to afford us the facts which their workings have 
furnished. 

The lower boundary of the profitable coal field in Lan- 
cashire and Cheshire is generally considered to be the 
" Rough," or ** Quartz,'' rock that caps so much of the 
high moorlands in both the counties, and which is well dis- 
played at Parbold in the north-west, and Wemeth Low in 
the south-east. At the latter place it is called the ^^ Old 
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Mother" rock. There undoubtedly are some small seams 
of coal worked between it and the Upper Millstone Grit, 
as for instance, at Cheesden Bridge, in Shuttleworth, near 
Rochdale, but seldom to much profit. The upper 
boundary is often supposed to be the New Red Sand- 
stone, but erroneously; as coals are now worked under 
it at Patricroft, and no doubt will be in other places. 
This deposit oyerlies the coal field, and covers it up, gene- 
rally resting unconformably on the edges of the higher 
and sometimes the lower portions, and probably in some 
instances covering the whole field up from view. It mostly 
covers the dip of the highest measures, and sometimes, as 
in the cases of great £Eiults in the coal field at Clayton, the 
Valley of the Irwell, and Monton, covers up and rests 
upon the b€isset edges. The Fresh Water Limestones of 
Ardwick and Whiston are the highest portion of it known, 
and therefore at present may be considered the upper boun- 
dary of the field. 

Generally speaking, the country is covered by a thick 
deposit of drift or diluvium, varying from five to eighty 
yards in depth, and consisting of clay, sand, or gravel. It 
is of great thickness at Reddish, Ashton-under-Lyne, 
Whitefield, Kersal Moor, and Bury Lane. 

The coal field in Lancashire and Cheshire may be con- 
veniently divided into three portions, as adopted by Mr. 
Elias Hall in the key to his geological map, namely, the 
Manchester or Upper Coal Field, the Middle, and the 
Lower. The first division commences with the Ardwick 
Limestones, and terminates with the coal measures under 
Smedley Old Hall, near Manchester, and the intervening 
strata between the last-named place and the Bardsley 
Bridge rock* (if any). The middle one with the Bardsley 
Bridge rock, and ends with the Lower Woodley coal. This 

* This rock caDnot be identified in the accompanying Section. 
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division includes all thfi tfaidi: coals of Poynton, Bench 
Lane, Ashton, Oldliam, Middleton^ Heywood, Bury, Rad^ 
diffe, Clifton, Worsley, Wigan, and St. Helens/ The 
lower group comprises the strata finxm the Lower Woodley 
mine, which is known as the last thick bed, and is iden t ical 
with the Riley, Dogshaw, and Arley mines of Oldham, 
Bury, and Wigan, to the Lower Millstone Grit; and eon* 
tains the coals of Whaley Bridge, New Mills, Mellor, 
Ludworth, Staleybridge, Rodidale, Todmorden, Birde, 
Cheesden Bridge, Newchureh, Quarlton, Bacup, Burnley, 
Colne, Blackburn, Rivington, and Chorley. 

I have, on the assumption that EUams four feet coal, at 
Ringley, is the same seam as the Pendleton and Worsley 
four feet mines, and that these two are identical with the 
Bradford seam of that name, noticed some of the strata in 
ike accompanying Section as comprised within the Man- 
chester coal field. This is done merely on the resemblance 
of the respective coals and their roofs, and not from any 
conclusive evidence of superposition. The dislocations in 
the upper part of the coal field in the neighbourhood of 
Manchester, will for ever prevent us availing ourselves of 
the latter satisfectory proof. The identity of (he other 
coals, when furnished, is given on much better grounds. 

I shall now give a slight notice of the coals as e^q^osed in 
the different valleys in the neighbourhood of Manchester. " 

Norbury Brook Valley, south of Stockport, affords a 
good section of some of the middle (Foynton) coals, but 
their relation with those of the Manchester coal field has 
not yet been determined. The rivulet on the east side of 
Lyme Park shews some of the lower seams. 

The Valley of the Goyt, from Fogg Brook, in Offerton, 
to Mellor, displays a fine secticm of the measures of the 
inferior portion of the middle and lower coals ; the former 
lying nearly in a vertical position on emerging from under 
the New Red Sandstone. 
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Hie Valley of the Ethertow affords a view of the lower 
coals of Compstall Bridge and Ludworth, the roclui and 
shales of Broadbottom, and the Millstone Grits and Lime- 
stone Shale of Tintwistle and Hollins Brook. 
. The Valley of the Tame, firom Reddish Mills, by Arden, 
Dukinfield, Ashton, Staleybridge, to Saddleworth, shews 
a good section of the whole coal field, with the exception 
of the Manchester beds. 

The Valley of the Medlock affords an excellent section 
of the Fresh Water Limestones of Ardwick, and the upper 
portion of the coal measures known by the name of ^^ The 
Manchester Field." From Bank Bridge to Waterbouses 
nothing is known of the coals, owing to their being thrown 
down by a great fault, and covered xxf by the New Red 
Sandstone formation. At Bardsley Bridge, however, the 
middle part of the coal field is again shewn. 

The Irk, at Collyhurst, displays the best section of the 
three lower members of the New Red Sandstone formation 
that is to be seen in the north-west of EIngland, as well as 
a few of the lower portions of the Manchester coal field 
between Vauxhall and Smedley Old Mill, but the relation 
of the latter to those of the Oldham and Middleton deposits 
is unknown* 

The Valley of the Irwell, especially that part of it which 
is between Ringley and Bury, affords the best section of 
the coal field with which I am acquainted. The strata in 
many places have been also well proved, by numerous 
workings in the middle field. In addition to this, the dis- 
trict has been carefully examined for many years by Mr. 
John Hall, of Mount Pleasant, near Bury, his brother Mr. 
William Hall, Mr. Robert Holt, of Elton, Messrs. Rams- 
bottom, of Chesham, Mr. Chadwick, and other practical 
geologists in that neighbourhood. The first-named gentle- 
man has kindly gone over the country with, and liberally 
afforded me the result of his observations. It it from his 
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labours chiefly, that the accompanying Section has been 
compiled. 

The valuable mines of Oldham, Middleton, Clifton, 
Worsley, Wigan, and St. Helens are for the most part 
known by workings, there being but few natural sections in 
these districts. 

The coal field not covered by the New Red Sandstone 
is seen in its most simple state from Bench Lane^ Bred- 
bury, to Wemeth Low, where the Bench Lane coals and 
the Upper New Red Sandstone are within about a mile of 
the quartz rock in horizontal distance ; in its more complex 
condition, from Patricroft to Pigslee, the same rocks are 
about ten miles distant.* 

This great extension, taken on the rise and dip of the 
field, is caused by its being traversed with numerous lines 
of fault running in directions from south and south-east to 
north and north-west, so causing the beds to occur many 
times over again. It is from one of these lines of dbloca- 
tion, namely, from the great Irwell fruit at Knob End, 
near Ringley, that the present Section conunences, and 
continues through Ladyshore, Raddiffe, Bury, Pigslee, 
Brooksbottom, to Fletcher Bank; due allowances being 
made for the great faults at Radclifie, Bury, and Spring- 
side, as well as numerous smaller ones. 

Although I do not profess to give the exact thicknesses 
of all the strata in this distance, nor to go into all the 
details of the various deposits, as thin coals, roofii, and floors, 
still I conceive it to be a fidr approximation to the truth, 
and present it as an attempt to connect the different parts 
of our coal field, and sHew their relation to each other. 
The thicknesses of the different strata, where they were 
not to be ascertained on the exact line of the secticm, have 



* This distance, is taken on the rise and dip of the strata, and not on the 
nmge, as in the latter direction it is much nearer. 
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been procured from workings and natural sections to the 
rigbt and left of it. Doubtless errors will be found, as is 
to be expected in an undertaking of this kind, but if the 
attention of the members of this Society and the public 
is excited to examine, in detail, the strata of their imme- 
diate neighbourhoods, and so to acquire a more correct 
knowledge of the order of superposition of the rocks and 
coals, the first step towards constructing a good map of 
the coal field will have been taken. The coal known by 
the name of Ellams mine is now generally supposed to be 
the same as Mr, Knowles' four feet, at Agecroft, and the 
Worsley four feet, and if so, probably on similar evidence, 
identic^ with the four feet of the Manchester coal field. 
If these hypotheses be true, we have some idea of relative 
distance between the different portions of the whole field. 



Order of superposition of Rocks and Coals from near 

Ringley to the Upper Millstone Grit of Brooksbottom. 

yds. ft. in. 

Shale 6 

Coal 2 6 

Shales and Binds, about 30 

Coa/ (Ellams mine) 12 0. 

White Rock with layers of Shale 20 

Black Stone Roof 10 

Coal 9 

Shale 4 

Coal (Brassy) 1 

Blue Shale 8 

SoUd Red Rock 45 

Coal 9 

Grey Folding Rock 15 

Blue Metal 10 

Coal 1 4 

Stony Shale 20 



Supposed by 
some to be iden- 
tical with the 
Pendleton and 
Worsley four 
feet coals, and 
if so, probably 
with the Brad- 
ford coal of the 
Lsame name. 



This rock can- 
not he identified 
with the Bards- 
ley Bridge rock. 
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yds. ft. in. 

Coal 10 

Shale 15 

Shale with Ironstone Nodules ... 2 

Shale and White Earth 16 

Coal 1 

Light-coloured Dirt 1 

Coa/ (Garbutts mine) 10 

Shale 2 

Brown Rock 2 

Grey Shale with Ironstone Bands 12 

Black Shale 6 

Coalj good 20in., bad 14in., mid- 
dling 2ft 1 1 10 

Fine White Rock 3 

Strong Metal with layers of Iron- 
stone 30 

Coaly in three folds 2 3 

Shale with Ironstone Nodules ... 6 
Red Rock with layers of Blue 

Shale 12 

Coal 1ft., Dirt 1ft., Coal 4ft. 

(Five-quarters mine) 2 

Reddish Rock with layers of Shale 20 

Coal 1 

Strong Grey Shale 15 

Coa/ (Old Doe) in three folds ... 3 

Blue Shale 16 

Whitish Rock 12 

Coaly good solid (Trencherbone) 2 

White Rock (Ladyshore) 40 

Coal 1 

Metal (not well known) ^12 

Coal 2 3 

Red Rock 10 
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yds. a. 

White Rock 15 

Light-coloured Shale 15 

Coal 2 

Light-coloured Stony Metals. 40 

Coal (Hinds) 5ft. bad 3 1 

White and Brown Earth 16 

Coal , 1 

Light-coloured Metals 20 

Coo/ (Gingham mine) 1 1 

Floor 2 

Metal (not well known) 4 

Red Rock with Shale (Bury 

Bridge) 35 

Black Shale 6 

Coal I 

Strong Grey Metals with Ironstone 

Nodules 9 

Light Shale with bands of Iron- 
stone 6 

Coal 1 2 

Light-coloured Rock with Red 

Veins 6 

Coal 9 

Rock with beds of Shale (occurs 
at Cockey Moor, near the 

Chapel) 20 

Stony Shale 30 

White Soapy Earth 11 

Black Shale 1 2 

Clay Vein 

Very Black Stone 2 

Coal (Lees, or Dogshaw) 1 2 

Floor, full of small Ironstone 

Nodules 1 2 



in. 






3 







3 



This coal is 
the last thick 
seam, and iden- 
tical with the 
Lower Woodley 
mine of Dnken- 
field, the Riley 
mine of Oldham, 
and the Arley 
mine at Wigan. 
In Harwood it 
is very thin. 
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yds. ft. in. 

Black heavy Stone of a Crystalline 

structure 10 

Blue Shale 6 16 

Light-coloured Rock 21 0^ 

White Earthy Shale 60 

Very Black Shale 30 

Curled Stone, resembling impure 

Gannister 2 

Light Shale 10 



Grey Flaggy Rock (Old Law- 
rence) 



Black Stony Shale 30 

Black Iridescent Shale, containing 
Shells of the genera Pecten, 

Goniatites, &c 6 

Coa/ (Pyritous) 

Black Dirty Shale 12 

Grey Lumpy Shale 3 

Brownish Dirty Rock, full of 

Black streaks 4 

Hard Sharp Sandstone (Tumbling 
Cob Rock), well seen at Ending 

Common, near Whitworth 4 

Dark Grey Shale, which swells 
much on exposure to the atmos- 
phere 40 

Coal 



6 1 6 









1 0^ 



1 6 

1 6 









8 



- This rock is 
of a red colour 
at Harwood and 
OttersGoe 
Bridge, Dear 
Marple. 

It sometimes 
exceeds twenty 
yards in thick- 
ness, but it is al« 
ways parted by 
layers of Shale 
three or four 
feet thick. It is 
worked at Ker- 
ridge, near Bol- 
lington, Holy 
FoldinRomilly, 
Catlow, near 
Colne, Harwood 
and Doffcocker, 
near Bolton, and 
Enfield, near 
Accrington. 

This coal is 
near eighteen 
inches thick in 
the neighbour- 
hood of Bacup. 
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yds. 

Grey Metals 3 

White Flaggy Rock, marked with 

Red streaks and edges 4 

Dark Shale, containing Shells of 
the genera Pecten, Goniatites, 

&c 5 

Coal (Gannister), excellent for 
Smithy purposes, and often called 
the "Rabbit" and "Mountain" 
mine, from the circumstances of 
its being generally worked by 
means of levels on the hill sides 
Hard Heavy Stone, full of Stig- 
maria Jicoides, excellent mate- 
rial for roads (Gannister) 

Smooth White Clay, sometimes 

changing into Gannister 

Light-coloured Stone 4 

Grey Metals 5 

Black Shale 2 

Coa/ (Foot mine) 

Soft Brown Stone Floor, contain- 
ing layers of Ironstone I 

Black Shale 15 

Coal (Bassy), never worked in the . 

neighbourhood of Bury 

Grey and Brown Shale .«... 6 

Close Bedded Rock, which divides 

into Cubes 3 

Excellent Light-coloured Building 
Stone (Woodhead Hill and 

Lomax Wood Rock) 7 

Stony Grey Shale 6 



ft. in, 



1 6 







1 8 



1 2 

2 




- The principal 
ndne of Staley- 
bridge, Roch- 
dale, Bacup, 
Burnley, Black- 
burn, Halli- 
well, Darwen, 
andChorley. It 
varies in thick- 
ness from five 
feet eight inches 
in Dulesgate, 
Todmorden, to 
about two inch- 
es at Affeside 
and Harwood, 
near Bolton. 





" ^ r Principal mine 
2 jofQuarltonand 

lAffeside. 












The chief 
mine of New 
Mills, MeUor, 
Compstall, and 
.Ludworth. 

- One of the best 
building stones 
in the coal se- 
ries. This is 
about its ave- 
rage thickness, 
but there are 
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yds. 
Very Black Shale, containing the 

Pecten, Goniatites, &c 14 

Coal 

Shale Floor 1 

Coarse Grained Rock... 8 

Dark Shale, full of the Pecten, 
Posidonia, and Goniatites, mixed 

mth Ferns, Lepidodendra, &e. 

Coa/ (Featheredge) 



ft. in. 



9 







Grey Stony Shale, often approach- 
ing to Flags 25 

Rough Flaggy Rock, provincially 
termed "Rag" 4 

Fine Smooth Flags 2 

Strong Brown Stone, parted with 
Shale, containing thin beds of 
Flags 50 

Fine Grained Rock, of a Bluish 
colour 2 

Grey Shale 8 



Roughs or Quartz Rock, fall of 
large rounded Quartz Pebbles.. 12 



instaiices of it» 
being much 
thicker. 



Prineipal mine 
of Waknerslev, 
Lomax Wood 
Fecit, and Blr- 
tleDeaiL The 
lowest mine 
worth working 
in the vicinity 
.of Bury. 

This rock i» 
often taken for 
one of the Mill- 
stone Grits. It 
is exposed at 
Wibbereley, 
Wemeth Low, 
Blackstone 
Edge, 

Birtle Moor, 
Pilsworth, 
Turton Tower, 
Horwich Moor, 
Holcome, and 
Parbold. 



Rowley Moor, 
^ Summit, and 
near Whit- 
worth. 
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yds. 

Black Shales (Pecten, &c.) 37 

Coal , 

Black Shale 2 

Coal 

Blade Shale 8 

Black Shale with layers of Stone 6 

Coal • , 

Dark Shale 4 

Upper Millstone Grit of Brooka- 

bottoniy Holcome Brook, &c... unknown 



a. 


in. 











6 











8 














1 


3 









Oheesden 
Bridge, Sunny, 
side, below 
' Holcome Hill, 
Brooksbottom, 
and Summit 
Tnnnel. 
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ART. IV. 

Remarks on the Marine Shells found in the Lan- 
cashire Coal Field. By E. W. Binney. 

Read 26th of March, 1840. 

As the relation which the Carboniferous strata of Lan- 
cashire bear to those of the County of York, is a subject 
likely to occupy the attention of the members of this 
Society in the projected section across the Penine chain, a 
short notice of the organic remains found in the deposits 
occupying the lower parts of the respective fields will pro- 
bably not be found uninteresting. In this communication 
it is intended to confine the remarks to fossil shells, without 
noticing the plants; and to point out the localities and 
position of those which have generally been considered by 
geologists to be of marine origin, and where they are suc- 
ceeded by those supposed to have inhabited fresh water; 
without describing their generic and specific characters. 

Professor Phillips, in his treatise on geology in the En- 
cyclopaedia Metropolitana, at page 590, speaking of the 
lower coals, states that '* this portion of the series resting 
upon the Millstone Grit produces comparatively but a small 
quantity of coal, and this not in general of a good quality ; 
but no part of the coal field is more curious in its geological 
relations, or more worthy of close study by those who desire 
to penetrate into the history of the production of Coal. 

" We may define this lowest series very simply, by saying 
that it is included between the Millstone Grit beneath and 
the Flagstone rock above ; having a thickness about one 
hundred and twenty or one hundred and fifty yards, ^nd 
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enclosing, near the bottom, two thin seams of coal, one or 
both of them workable, and several other layers, scattered 
through its mass, too thin to he worth working. 

'^ The most regular and contmuous of these coal seams 
reaches in a few places to the thickness of twenty-seven or 
thirty inches, and it is worked at Yeadon, Bawdon, and 
Horsforth, near Leeds ; at Baildon and Heaton, near Brad- 
ford; at Catherine Slack and Swan Banks, near Halifax ; 
at Bull Houses, near Penistone, and at several points west 
of Sheffield. It would have been impossible to have traced 
so thin a seam of coal along so extensive a range without 
some peculiar facilities, some points of reference more dis- 
tinct than the varying quality of the coal, and the still 
more irregular fluctuations of the sandstones and shales. 
This seam is covered by a roof unlike that of any other coal 
bedabove the Mountain Limestone in the British Islands; 
for^ instead of containing only the remains of plants or fresh 
water i^ells, it is filled with a oonsiderable diversity of mo- 
rine sheUs belraging to the genera PecteUj and Ammo^ 
niies ; and in one locality specimens of Orthoceras^ Post- 
domoj and scaly fishes have been obtained from certain 
nodular concretions, called ^ baum posts,' lying in it. 

^^ The uniform occurrence of these Pectens and AmmOf 
nites through, so wide a range, over one particular thin bed 
of coal, and in no other part of the coal strata, is one of the 
most curious phenomena yet observed concerning the distri-* 
bution of organic remains, and will, undoubtedly, be found 
of the highest importance in all inferences concerning the 
circumstances which attended the production of Coal. 

« In this part of the coal system we may observe, besides the 
very remarkable layer of marine shells, several occurrences 
of a peculiar hard silidous sandstone called Galliard, Gan- 
nister, Seatstone, &c., which, in frict, is the same thing as 
the Crowstone in the Mountain Limestone series of Swale-, 
dale. This stone sometimes forms the floor or sill of the 
o 
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coal, a circumstance never observed in the upper coal strata; 
amongst which Galliard never occurs in its true character; 
hence the whole group may be appropriately termed the 
Oannister coal series. 

^^ The Ammonites and Pectens which lie above one of the 
seams of coal, and still more the Orthocerata, which some- 
times accompany them, are remarkably analogous, and, 
perhaps, in part identical with the fossils of the Mountain 
Limestone. The Galliard is likewise to be compared to 
similar stones in the Mountain Limestone series, and there- 
fore the Oannister coal series might, with mudi propriety, 
be associated with the upper Mountain Limestone series of 
the Penine chain, or with the Millstone Grit series of Der-^ 
byshire, and thus the Flagstone would appear to be the 
lower limit of the true coal measures. An examination, 
however, of the neighbourhood of Halifax has shown ano* 
ther order of phenomena, and another set of shells, whidi 
connect this same series with the upper or true coal mea- 
sures. In the upper coal series of the Northumberland, 
Derbyshire, and Yorkshire, are several layers of bivalve 
shells, commonly referred to the genus Unio^ from which 
the freshwater origin of these deposits has been inferred. In 
the midst of this series of Oannister coals, two layers of 
these shells ocfcur; one of them about the middle of the 
series, considerably above the Pecten coal, and the other 
near the bottom, and considerably below that coal'* 

Mr. Teale, in his paper on the fossil Icthyology of the 
Yorkshire coal field, read at the meeting of the Geological 
and Polytechnic Society of the West Riding of the County 
of York, held at Leeds on the 5th day of December, 1839, 
in speaking of the identity of a black earthy looking sub- 
stance found at Moortown, near Leeds, with the coals at 
Hali£Eix, says, " how are we to know their identity ? Their 
appearance, or, in other words, their physical characters do 
not enable us thus to decide. It is by their being accom«> 
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panied by a particular fossil, the Pecten papyraceus, which 
is now known to be characteristic of this bed. The shale 
which forms the roof of the Hah&x coal is crowded with 
this elegant fossil, and by means of this shell may be traced, 
overlying the black earth of Moortown, the impure coal of 
Kirkstall Wood, and the progressively improving coal of 
Idle, Bradford, and Hali&z. All fossils are not, however, 
of equal value for the purposes of identification. The Pec- 
ten papyraceus is of great importance ia this respect ; for, 
although occurring extensively in the Mountain Limestone 
formation, it is only known to prevail in the Yorkshire coal 
measures, in the single bed of shale which forms the roof of 
the Halifax coal; on the contrary, other fossils, as the 
Unio acutus and Unio subconstrictus may have so wide a 
distribution as to be of little diagnostic value/' 

Having thus stated the opinions of the above-named 
geologists on the fossil shells of the lower portion of the 
Yorkshire coal field, I shall now proceed to notice the infor- 
mation which has been given to the public respecting their 
occurrence in the Lancashire coal field. The only author 
that I am aware of who has noticed them is Mr. Francis 
Looney, F. 6. S. In describing the fossils found in and 
near the Gorsehall Rock, in Mr. Elias Hall's Key to his 
Geological map, Mr. Looney states, ^' under this rock (the 
Gorsehall) there is a small one foot coal, and further down 
a small two feet seam, known by the name of the " Moun- 
tain Mine," between which two coals the only marine shells 
of our formation are found. The shale over the one foot 
has the Pecten papyraceus and Pecten dissimilis ; and in 
the shales underneath, in nodules of Ironstone Ammonites 
(Gomatites) Listeria reticulatus (Bean), Looneyi (Bean) 
subcrenatusf sphericusf Orthoceras cylindraceus, attenu-^ 
atusy sulcatusj Turritella, with several other unfigural shells 
of various genera. There is little doubt but that all the 
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species of marine shells named in the list given by Mr. De 
la Beche, (Manual, page 758) may be discovered by due 
attention." The coals here alluded to by Mr. Looney are 
the Forty yards and Gannister mines of Rochdale and 
Burnley, and the locality where the fossils occur, the black 
shale over the small coal, under which the fire day is worked 
at Staleybridge. Mr. Samuel Gibson has found in the 
black shales, near Hebden Bridge, the greatest number of 
marine shells that have hitherto been described; but not 
knowing the predse locality from which they have been 
obtained, or the exact position which they occupy in the 
carboniferous strata, I shall pass over them without further 
notice. 

Before describing the localities in which I have met with 
the Pecten, Goniatites, and other shells, generally supposed 
to be of marine origin, it will be necessary slightly to notice 
the strata lying between the Carboniferous Limestone and 
the lowest deposit in which these fossils have been found in 
our coal field. 

The deposits generally known by the name of Limestone 
Shale and the Millstone Grits, are not often met with in 
the counties of Lancaster and Chester. The only places 
where I have observed the first-named deposit are in the 
Vale of Todmorden, and at the lower part of Pendle Hill,* 
at the former place their thickness is very di£5cult to esti- 
mate, but at the latter it must be near two hundred yards, 
consisting of black and dark brown shales, parted by bands 
of Gritstone,, one of which, in the lower portion, as seen in 
the quarry above the Limestone in the brook flowing from 
the side of Pendle Hill to Twisden, is five yards thick. 
Marine shells, in greater or less abundance, are found 



* Sinee this paper was read, I haye observed them at Hollins Brook and 
Tintwistle, near Mottnun. 
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throughout the whole of the lower shales at this place. 
Amongst these fossils, however, I did not recognize either 
the Pecten or Gcmiatites. 

The Lower Millstone Grit is the next rock in the 
ascending series. It consists of a coarse grained sand- 
stone fiill of quartz pebbles, and often containing feldspar. 
It is a remarkably compact stone. The thickness of it 
has never been correctly ascertained ; but at Barley, near 
Pendle Hill, and Gauxholme, near Todmorden, it is pro- 
bably about seventy yards. This amount includes the 
Flaggy Rode lying between the Limestone Shales and 
the compact bed which has (^n been worked for Mill- 
stones, and from whence the name was derived. The 
flaggy deposit is well shown on the side of Pendle Hill. 
This rock is also seen at Roecross and Tintwistle, in 
Mottram en Longdendale. Immediately above the Mill- 
stone bed is a deposit of dark coloured shales,* reaching 
nearly to the thickness of sixty-five yards, which contain 
two small seams of Coal, one of ten inches, seen in the 
brook near Halliwells Mill, in Dulesgate, Todmorden, and 
the other of six inches, a little higher up, appearing on the 
side of the road there leading from Todmorden to Bacup* 
In the measures adjoining these coals I have not yet been 
able to detect the marine or any other shells, thoi]^h it is 
extremely probable that they are to be met with on diligent 
search. 

The Upper Millstone Grit is not so solid and compact a 
rock, and is generally of a finer texture than the lower, and 
is often divided by partings of shale. It is exposed in 
Dulesgate, Todmorden, at Brooksbottom, near Holcome, 
and Fletcher Bank, near Bury. At New Church, in Pendle, 
its thickness cannot be short of sixty yards ; but as it has 
seldom been sunk through, or bored into, it is difficult to 
estimate. Immediately above this rock occurs a group of 
fine shales of a dark black colour, containing generally 
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three thin beds of coal, the lower of which is worked at 
Cheesden Bridge, in Shuttleworth, where it is about eighteen 
inches thick. Near Sunnyside, at Brooksbottom, and at the 
foot of Holcome Hill, these shales and coals are found, and 
contain an abundance of shells of the genera Pecten, Goniar 
tites, Posidonia, &c., together with the scales of a fish 
resembling the Diplopterus. But the locality where they 
have been chiefly exposed has been in the cutting of the 
Summit Tunnel on the Leeds Railway. On commendng 
the south entrance of the tunnel, they occurred immediately 
under the Great Flag rock, and were found in all the shafts 
to No. 7, where the Upper Millstone Grit was reached. 
The tunnel running nearly north and south, which is 
about the line of the rise and dip of the strata, is for the 
most part in them. These shales, as well as the nodules 
of Ironstone found in them, from the lowest to the highest 
beds, yield an abundance of the Pecten, Goniatites, Posido- 
nia, Nautilus, and numerous other marine shells, but no 
traces of the Unio, Or any other reputed fresh water shell, 
have yet been discovered in them. There is, however, in 
a dark grey micaceous shale, lying immediately above the 
Upper Millstone Grit, a bivalve partly resembling the 
Unio, still, from its occurring in company with the Nautilus 
carinatus^ there can scarcely be a doubt as to its marine 
origin. These strata are identical with those at Swan 
Banks, near Halifax, (supposing the latter to be immediately 
above the Upper Millstone Grit Rock,) where Professor 
Phillips found the marine shells lying between two beds of 
the Unio. Whatever specimens of this fresh water shell 
may have been found at Halifax, certainly none have been 
as yet met with in forming the tunnel. 

The next ascending strata are Shales and Gritstones, 
generally known by the name of the " Haslingden flags," 
in Lancashire, and the " EUand flags," in Yorkshire. These 
pass upwards into the Rough rock, so named from its coarse* 
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grained texture, which is very much like the Lower Mill- 
«tone Grit. No traces of shells of any kind have as yet 
been recognized in these extensive deposits. Owing to the 
absence of any beds of coal in them worth working, they 
have not been much examined; so they probably may exist 
without having been discovered. 

Immediately above the ^* Rough rock," at Birtle Dean, 
near Heywood, is the Featheredge coal, about two feet 
thick; this seam has a roof of one yard in thickness, con- 
sisting of black shale, which is full of the Pecten, Goniar 
tites, Posidonia, &c., mixed with various species of Ferns, 
Lepidodendra, and Sigillariae. It is a singular fact that the 
black shale has scarcely ever been seen on the roof of this 
coal, except at Messrs. Ramsbottom's colliery, at Birtle 
Dean. At Fecit, within two miles of the last-named place, 
and other localities, the roof of the coal consists of a coarse 
conglomerate of quartz pebbles, containing numerous gar- 
nets and crystals of Carbonate of Barytes generally pre- 
senting a waterwom appearance. I have also observed 
small pieces of Opal imbedded in this rock. 

At a distance of ten yards above the Featheredge coal is 
a little coal of ten inches, having a roof of black shale full 
of the Pecten and Goniatites. Amongst other places these 
fossils are found in the brook, near a place called Barlow's 
o'th Coal Pits, in Pilsworth, by the side of the Turnpike 
road, about half way between Bury and Middleton. 

The Rochdale or Gannister coal lying at Birtle Dean, 
about sixty-five yards above the last-named mine, affords, 
at Mr. Dearden's colliery, in Dulesgate, Todmorden, the 
Pecten, Goniatites, Posidonia, &c. They also occur at 
Colonel Hargreave's pits, near Colne; the places where 
they are found are the black shales and the Ironstone 
nodules lying above the coal. The Goniatites, at the 
latter place, are highly pyritized, and in a beautiful state 
of preservation. 
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In Dulesgate, a thin workable seam of coal, having a 
black shale roof, lying seventy-three yards abov« the Gan«> 
nister coal, and identical with the Forty yards coal,. at Roch- 
dale, affords the Pecten, At Staleybri<^e, in the black 
shale forming the roof of a small coal, under whidb is wotked 
a fire clay, sixty-seven yards two feet above the Gannister 
coal, (there known by the name of the Parron Mine,) the 
4same shell with many others occur. These are the highest 
strata in the coal measures in which the marine shells, have 
yet been found. The strata firom this point to the Lees or 
Dogshaw Mine of Bury and Heywood consist, for the most 
part, of very black shales having several grit rod:s lying 
in them. The thickness is full one hundred and seventy- 
three yards, and firom its remarkable barrenness in yielding 
coal, has been very little examined. 

Near Heywood, in Bamford, at a place called Simpson 
Clough, the outcrop of the Dogshaw or Lees coal is seen, 
and in the black shales, extending about ten yards under it, 
are plenty of the large Unio, and that species known by 
the name of the acutus ; so that here we have the first evi- 
dence yet discovered in the ascending series of fresh water 
shells in our coal strata. Where the exact line of boundary 
between the firesh water and salt water d^)osits occur, I 
have not yet been able to discover; although I have 
examined the measures in the brook course firom Simpson 
Clough all the way to Birtle Dean, where the forty yards 
coal is worked, a distance of above two miles. 

After observing the facts contained in this paper, I have 
come to the following conclusicms : — 

1st. That whatever may be the case in Yorkshire, the 
occurrence of the Pecten, Goniatites, and other acknow- 
ledged marine shells do not indicate one particular seam of 
coal in Lancashire, but that they are found over five dis- 
tinct beds. 
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2iid. That hitherto no bed of the Vnio^ or any other 
sheUs of fresh water origin, have been found in our coal 
field lying between or amongst those beds in which the 
Pecten^ &C.9 occur. 

3rd. That the marine shells have been traced to within 
one hundred and sizty'-three yards of the first bed of the 
Unto in the coal measures. 

4th. That the change from marine to firesh water deposits 
is within one hundred and seventy-three yards of the Lees 
or Dogshaw coal, and appears to have been effected without 
great local disturbance, as the fine grained shales seem to 
indicate. 

5th. That the strata in this distance are some of the most 
bauren of coal in the whole series. 
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ART. V. 

On the Origin of Coal; and the Geological Con- 
ditions under which it was Produced. By 
J. E. Bowman, F.G.S. & F.L.S, 

Read 30th January, 1840. 

To trace the operations of Nature in periods not only long 
anterior to all human records, but to the very creation of 
our species ; to pronounce opinions respecting the structure 
of the globe on which we dwell during the progress of its 
formation, and of the successive changes necessary to fit it 
for the reception of organized and sentient beings, may ap- 
pear at first sight to be presumptuous and beyond the reach 
of our limited and feeble powers. But since it is the high 
and exclusive privilege of man to be endowed with observa- 
tion and reflection, and feeling that it is a primary law of his 
nature, that in proportion to the active and legitimate em- 
ployment of those faculties he becomes useful to others and 
happy in himself, it would indeed be strange if he could 
resist the impulse to exercise them on the grand and beau- 
tiful in nature which are every where so profusely scattered 
around him. Such studies, far from being, as some timid 
minds have superficially supposed, hostile to Religion, are 
in fact, its best auxiliaries, by enlarging his conceptions of 
the Great Author of all things, and habitually leading him 
to refer every thing he sees to His power and benevolence. 
Nor when he scales the precipitous rock, or descends into 
the mine, will he fail to witness in the imbedded fossils, 
various forms of organic life, now extinct, but which, in 
form, texture, and general character, abundantly prove that 
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the^same great physical laws, the same hannony, and the 
same wisdom and design which still pervade and controul 
universal nature, then existed. These facts irresistibly 
lead him to penetrate in imagination, into those inconceiv- 
ably remote epochs which his finite faculties can never fiilly 
estimate, and to trace in the mighty convulsions which then 
agitated its interior, the causes which have produced the 
existing conditions of the sur&ce of our planet. To what- 
ever geological formation he may direct his attention, he 
will not &il to be convinced that while all was yet without 
form and void, a Divine intelligence was controuling and 
modifying the elements, and preparing the earth to be a fit 
receptacle for its future inhabitants. While the su<^cessive 
orders of animated beings, however low in the scale of sen- 
tient existence, were endowed with an organization best 
adapted to their several situations and wants, they were 
unconsciously contributing in various ways, in life or after 
death, to bring about the designed end. The luxuriant 
vegetables and forests that covered the primoeval land, seem 
to have had almost exclusively a prospective use ; for they 
flourished in an atmosphere which, from its impurity no 
animal could probably have breathed, and long before intel- 
lectual man wias introduced into this beautiful world to be 
charmed with their rich magnificence, and to wonder at 
their grotesque peculiar forms. Successive generations of 
these plants flourished and decayed without being of any 
apparent use ; were sunk beneath the waters and entombed 
under the bed of the ocean. There they were slowly con- 
verted into Coal, and after a lapse of countless thousands of 
years, were again thrown, by other revolutions, upon or near 
the sur&ce, and extracted by the intelligence and industry 
of man, to minister in so many ways, to his wants, his com- 
forts, and his luxuries. If we take into account that along 
with these precious beds of fossil fuel, are generally associ- 
ated immense deposits of iron ore, which, without the coal, 
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would to a great extent be usdess, I think we must admit 
that they collectively present one of the most striking 
instances of prospective design and benevolence exercised 
for the benefit of man at an incalculably remote period before 
he was called into existence. 

The great conmiercial importance of fossil Coal, and the 
obscurity that, it must be confessed, still hangs over a por- 
tion of its history, have induced me to direct attention to 
some views which are probably new to many, and indeed 
are still &x from being yet generally received by geologists 
themselves. The subject naturally divides itself into two 
distinct parts ; The Origin of Coal ; and the Oeol<^cal 
Conditions under which it has been Produced. 

1st. As to the Origin of Coal. 

Those whose recollections upon the subject extend bade 
but a few years, are aware how little was then actually known, 
and how unsatis&ctory were the conjectures as to the sub- 
stance from which Coal was derived. But the experiments 
of Dr. MacCullodi following those of Hatchett and other 
previous investigators, have since so satisfactorily proved its 
vegetable origin, that I shall only need to touch briefly <m 
this division of my subject. 

In the ordinary process of vegetable putre£M^on and 
destruction, a variety of compound gases are formed by the 
reaction of their elements, and carbon akme^ or rather carbon 
united to a portion of hydrogen, remains behind. The 
experiments just alluded to are in perfect harmony with this 
natural process, and have proved the following &cts : That 
all vegetables, including wood, are chiefly composed of oxy- 
gen, hydrogen, and carbon ; that in Peat, which is the first 
or incipient stage of their decay produced by the action of 
water, the two latter elements form a hydro-carbonaceous 
compound, which communicates its brown colour to water ; 
that peat itself does not appear to contain any bitumen, but 
that this latter substance in some of its modifications, as 
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alphaltum, mineral tar, oil, or naphtha, is generated by the 
slow conversion and formation of the hydro-carbonaoeous 
compound under pressure, during which the complete sepa- 
ration of the hydrogen from the carbon takes place, and the 
consolidation of the latter is completed ; this however is a 
slow process, and a lengthened time is necessary to com- 
plete it. That bituminized wood, Surturbrand, Bovey 
C!oal, &C., as well as vegetables and Peat-, contain hydrogen 
and carbon, and in greater proportion according to the 
degree of closeness and pressure to which they have been 
subjected under beds of soil, clay, &c. ; that a sufficient 
length of time being allowed, mere pressure and exclusion 
from the atmosphere are sufficient to convert bituminized 
peat and lignite into coal ; and lastly, that the action of air 
and water on vegetable substances is similar to that of fire, 
though much slower and less complete. 

Those who have paid attention to the formation of peat 
at the present day, are aware how closely in some of its 
more perfect states it approaches to coal; but as its different 
appearances may not be generally known, and will materi- 
ally help us to understand how those vast depositories of 
fossil wealth were originally accumulated, a short notice of 
its growth and subsequent changes may be advantageously 
introduced. A variety of our native plants, such as Mosses, 
Cottongrass, Rushes, Segs, Coarse Grasses, Ferns, Hear 
ther or Ling, &c., &c., chiefly natives of moist situations, 
enter into the composition of peat. In addition to the spongy 
texture of many of these, which enables them to arrest and 
retain the water around them, the mosses especially pos- 
sess this peculiarity, as the root and lower extremity die 
and are decomposed, the part immediately beneath the sur*- 
&oe, sends out fresh roots, the individual thus as it were 
becoming perennial, lengthening upwards, as the surface of 
the bog rises, while the lower and older portion decays, and 
furnishes a perpetual supply of decomposing v^;etable 
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matter. A similar process takes place in many of the rushes 
and grasses, the original roots and lower leaves djring, while 
an annual renovation of both continues the existence of the 
plant upwards. This indeed is on their part but an effort 
of nature to escape being smothered by the thick and sweU 
ling beds of surrounding mosses, just as trees in a dense 
plantation shoot rapidly upwards, because their tops are the 
only part that light has access to, and loose their leaves and 
lower branches wherever that important element is excluded. 
In some Scotch peat bogs, Cottongrass (Eriophorum vagi- 
natum) has been traced in an organized state to a depth of 
four feet beneath the surface, with numerous distinct tufts 
of roots one above another, the lowest or oldest being in a 
state of the greatest decay, and the highest or last formed, 
alone ministering to the growth of the plant. In these the 
gradation downwards from the living vegetable to compact 
inorganic peat, is often easily traced. Above, where the 
living plant is in contact with the surface, the roots are 
fresh and healthy ; lower down they are found vaccillating 
between life and death in a spongy half decomposed mass^ 
and the pulverized carbonaceous matter is soon mixed with 
similar fibres still resisting decomposition. Proceeding 
downwards, these gradually disappear, till at length a black 
smooth semifluid substance alone is found, the process be- 
ing completed by the total destruction of all the organized 
fibres. In the deep peat bogs of the Hebrides, the lowest 
part is in this state of extreme decomposition, and its spe- 
cific gravity is much greater than that of ordinary peat. 
When dried it burns with so bright a flame as to supercede 
the necessity of candles in the cottages of the poor, and with 
a glow of heat equal to that of the inferior kinds of coal ; 
while it is capable of being formed into a compact charcoal 
fit for the purposes of the blacksmith. 

This peculiar structure of the plants and annual rise of 
the roots, naturally cause a very rapid increase in the thick- 
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ness of the beds in which they grow. It is on record that 
s(»iie peat bogs in Scotland have been formed on fallen 
forests in the short space of fifty or sixty years ; in Ger« 
many, cavities of seven feet deep have been filled with peat 
in thirty years. These however are extraordinary instances 
of rapidity beyond its usual rate of formation, which varies 
according to the humidity of the subsoil, the nature of the 
vegetation, and the warmth and moisture of the climate. It 
is important to bear these conditions in mind, because when 
we come to treat of the ancient vegetation which has formed 
the coal, it will naturally help us to comprehend, how, 
under the infinitely more favourable circumstances of a hotter 
climate and more humid atmosphere, those grotesque proto- 
types of our puny plants have acquired their gigantic dimen- 
sions — dimensions probably in many instances as much 
exceeding those of the plants now inhabiting the tropics, 
as the latter do the vegetables of an arctic climate. 

It is well known that peat bogs such as those of our own 
island, are confined to temperate and cold latitudes, and 
that as we approach tropical regions, they become fewer 
and disappear altogether. From this circumstance an argu- 
ment has been raised that Coal could not have originated 
firom peat bogs, because at the time of its formation, the 
climate of this country was at least as hot as it now is 
between the tropics. This only holds with respect to the 
dissimilarity of the species, for as all plants, of whatever 
size and habit, are composed of the same elements; and as 
it is well known that their growth in the rank savannahs of 
the torrid zone is much more luxuriant and rapid than in 
cold countries, there is sufficient analogy to justify the com- 
parison* It is not contended that our peat bogs would ever 
produce solid coal, because no conditions in the present state 
of the earth's surface can ever resemble those of the carboni- 
ferous period as to climate and internal heat, and the sub- 
mersion and pressure to which the ancient beds were sub- 
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jeeted. Neither would the vegetation of a modem trojncal 
forest; but the experiments of chemists show the gradual 
process of die bituminization of decomposed vegetable mat- 
ter^ and that the more complete the process, the harder Imd 
more insoluble is the coal ; while the great abundance of 
fossil plants among the beds, and above all, di6 carlKmizar- 
tion of detached leaves in the shales and sandstones, inoon- 
testibly prove the general analogy and the vegetable ozigin 
of coal.* 

These views have now obtained the sanction of all com* 
potent observers ; but there is still a reserve made with 
many, as to the origin of one species of Coal which is at 
present brought more prominently before the public, horn 
its recent suecessliil application to the navigation of steam 
vessds. I refer to the Stone Coal, or Culm of South 
Wales, the Anthracite of mineralogists, which in its pure 
state does not occur in the Lancashire Coalfield, though 
some varieties may occasionally be found. It has been 
raddy contended that it has not a vegetable basis, because 
no such remains have been found among it. This is by no 
means the case, for portions of charcoal occur in the An^ 
thracite of Pensylvania, with its ligneous structure as well 
preserved as in recently prepared charcoal, (See Silliman's 
American Journal, 1833,) and the circumstance of Anthrax- 
cite being found in great quantities in the Great South 
Wales Coalfield, assodated with the weU known shales and 
sandstones, and -consisting of almost pm^ carbon, leave no 
reasonabk" doubt upon the subject. In Pembrokeshire the 
culm measures are distinctly seen reposing upon the Mill- 

* Since this paper was read, Professor Johnston of Durham, in a " Re- 
port on Chemical Geology" to the Glasgow Meeting of the British Associ- 
ation, has proved the vegetable origin of every kind of Coal, indudiiig 
Anthracite, by a beautiful series of direct chemical analyses, which shew 
them all to consist of Carbon, Hydrogen, and Oxygen, (ike components of 
living vegetables) diffmng only in the various relative proportions of these 
elements. 
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stone Grit and carboniferous Limestone, occupying the 
precise geological position that the bituminous Coal does in 
the eastern part of the same basin, thus demonstrating that 
both were accumulated at the same period, and from the 
same material. In fact there is no coalfield in the world 
where the age of the deposit is more clearly marked by 
natural sections, and Mr* Murchison says that plants com- 
mon to oliher Coalfields occur not only in the shales, but 
may be detected in the culm itself, Silur. Syst. p. 373. 

2nd. The Geological Conditions under which Coal has 
been Produced. 

The great group of strata found in many districts in this 
country, and known by 4he general name of the Coal mear* 
sures, consiSits of an indefinite number of beds of sandstones, 
shales, clays, and bituminous schists, repeatedly alternating 
with each other, generally containing Ironstone, and imbed- 
ding in no regular order of succession, thirty, or forty, or even 
sixty beds or seams of coal, each varying in thickness from 
a single inch to five or even ten yards. This great forma- 
tion succeeds and rests upon the Millstone Grit, which in 
its turn overlies the carboniferous, or Mountain Limestone. 
In Belgium, the north of France, the southern parts of 
England, and northwards to the south of Yorkshire, and in 
Ireland, no Coal is found below the Millstone Grit ; but a» 
we advance still farther northwards, we meet with beds 
interstratified with the latter formation, and even with the 
Mountain Limestone. The change first takes place a little 
to the north of Manchester, where at Gauxholme near 
Todmorden, two beds of coal are observed to lie within the 
Millstone Grit. But it is not my intention to enter much 
into the details of a coalfield which is much better known 
to most of my hearers than to myself, and as no general 
interest would be thereby excited, or elucidation afibrded ci 
the views I am about to explain, I shall satisfy myself with 
a few leading particulars of the most remarkable coalfields. 
H ♦ 
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The greatest accumulation of coal in Ei^land id in the 
Wolverhampton and Dudley district, where there is one 
bed, ten yards in thickness ; the neighbourhood of Paisley 
presents ten beds whose united thidkness is one hundred 
feet; while the great South Wales Coalfield contains, near 
Pontypool, twenty-three beds, containing altogedier about 
ninety^hree feet of solid coal. Professor Phillips says that 
generally the aggregate thidkness of all the beds of coal 
in a district, is about fifty feet; but this uniformity does 
not apply to the accompanying shales and grits, which vary 
very much in this respect. 

Various theories have been firamed to account for the 
production of this enormous thickness of deposits, and espe- 
dally of the seams of Coal. Some have supposed they have 
been formed and accumulated from Algae at the bottom ci 
the sea, or from plants drifted firom tropical climates ; or in 
lakes and estuaries from plants brought, into them from 
naghbouring lands, first held in suspension and then preci- 
pitated to the bottom ; while others have had recourse to a 
series of redprocatbg inundations of salt and fresh water, 
and of elevations and subsidences of the bottom, which 
sound geology cannot sanction. Mr. De la Beche says, 
<< By general consent. Coal has been considered as resulting 
from the distribution of a body of vegetable remains upon a 
previously deposited -surface of sand, argillaceous silt or 
mud, now compressed into shales and sandstones. Afiker 
the distribution of the vegetables, other sands, silts or mud, 
were accumulated upon them ; and this kuid of openition 
was continued irregularly for a considerable time, during 
which there was an abundant growth of similar vegetables 
ca no very distant place^ to be suddenly, at least in part, 
destroyed and distributed over considerable areas on the 
more common detritus. Great length of time would be 
requisite for this accumulation, because the phoenomena 
observed would lead us to consider the transporting power^ 
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though variable, to have been generally moderate ; more- 
over a very considerable growth of vegetables requuing 
time, would be necessary at distinct intervals; for coal- 
beds now only six or ten feet thick, must, before pressure 
was exerted upon them, have occupied a much greater 
depth." Geological Manual, 402. Ed. 3rd. This is a 
pretty correct statement of the prevailing views as to the 
mode of formation of beds of Coal at the bottom of lakes 
and estuaries, but some parts of the supposed process, as it 
appears to me, could never take place. It is not denied that 
some plants might be drifted from neighbouring or even 
distant lands ; on the contrary, this was probably the case 
in many instances, to some extent ; indeed it is rendered 
almost certain from the occurrence of detached leaves and 
branches of fern and other plants in most of the alternating 
shales and sandstones. Such drifted materials would be 
arrested by shoals, and lodged in hollows or estuaries, or 
entangled among the mud during its precipitation and con- 
solidation. But there is difficulty in conceiving how the 
vast masses of vegetable matter necessary to form a thick 
seam of Coal, being so much lighter than water, could be 
made to sink and be kept down at the bottom, while a sedi- 
ment, heavier than themselves, was in the act of being 
deposited upon them, instead of sinking through and under- 
neath them, as is natural to expect it would do. This ' 
difficulty is increased, when we reflect that without a super- 
incumbent layer of mud or sand to give the requisite con- 
finement and pressure, the process of conversion into coal 
could not go on ; for the bituminous matter, and especially 
the hydrogen, would, from their less specific gravity imme- 
diately rise to the surface as they were formed, and be 
dissipated, and consequently ordinary coal could not be 
formed. Besides, this supposed distribution of a body of 
vegetable matter upon a previously deposited surface of sand 
or mud, could not have been made so uniformly over such 
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extensive areas as the beds of coal cover, if it had been 
drifted by currents ; for the natural operation of such cur* 
rents would be to accumulate it irregularly on either side, 
while the actual courses of the currents would by their 
erosive action, be destitute of any portion. In general, the 
coal-beds, with some modifications, may be traced over very 
considerable areas; the Lower Main Seam of the Great 
Northern Coalfield is known to extend over an area of at 
least two hundred square miles, and is probably continued 
over double or treble that space ; and in .our Lancashire 
series, Mr. E. W. Binney informs me there is a thin coal 
seldom exceeding a foot, or being less than eight inches, 
and lying below the Gannister or Rabbit Coal, which 
extends all the way from Whaley Bridge to Blackburn. 

There is no trace of currents or violent action of water in 
the coal formation. The fine silts and mud, now converted 
into shales, bind, clunch, &c., are evidences of the most 
tranquil state of the water from which they were precipi- 
tated, and such a thing as a rolled pebble imbedded in these 
strata or in the coal itself, is rarely seen. These fiEU^ts seem 
to indicate that the beds were actually deposited in gul& or 
inland seas, where the tides and currents of the ocean were 
either entirely absent, or exerted but a feeble action. The 
existing situation of the Gulf of Mexico, into which 
large rivers pour their tributary waters, offers so many 
coincidences to what may be supposed took place during 
the carboniferous period, that a slight reference thereto may 
help us to form a tolerable idea how the shales and sand- 
stones of the coal formation were deposited, and from whence 
the materials were derived. Here is an immense area of 
water extending over eighteen degrees of latitude, and thir- 
teen degrees of longitude, receiving the contributions of 
numerous great rivers, especially from the north and west ; 
these rivers traverse countries situated in widely different 
latitudes and climates, and composed of various geological 
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formations. One of these rivers, the Mississippi, will serve 
to illustrate our present subject ; and without going much 
into detail, we may say that it is four thousand miles long, 
and is the drainage of an immense region stretching from 
the Alleghanys on the east, to the Rocky Mountains on the 
west, and eleven times the area of Great Britain and Ire- 
land. Its tributaries are mighty rivers, and the delta form- 
ed at its mouth by the sedimentary mud which its waters 
bring down, is two hundred miles long, and one hundred 
broad, and is composed of distinct strata varying consider- 
ably in colour and specific gravity. The great diflFerence 
in latitude, and the various mountain chains which head 
these rivers, their greater or less elevations, and conse- 
quently the diiFerent months in which the sun can act upon 
the snows and ices on their slopes, and of the plains in the 
higher parts of their course, will necessarily cause the floods 
and freshes to take place in different parts of the summer ; 
and the thick yellow mud of the Missouri, the red clay of 
the Arkansas and Red River, and the blue and black sedi- 
ment of some of the other tributaries will be separately dis- 
charged into the Gulf, without being mixed up together in 
the great trough of the Mississippi. Thus sections of the 
delta which have been cut through by the shifting of the 
channels, show various alternations of red, black, and blue 
clays, and sands and muds more or less micaceous, of finer 
or coarser texture, according to the chemical or mechanical 
conditions of the formation from which they have been 
severally derived. The analogy is greater between these 
deposits, and the shales of the carboniferous era, owing to 
the slight fall of the waters, allowing the finer particles to 
reach the delta, while the gravel and pebbles would be 
left behind near the mouths of the tributaries, where they 
enter the central valley. Nor are these different sedimen- 
tary deposits for the most part carried out by the gulfstream, 
for hydrographers inform us that a current is scarcely 
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perceived to the eastward of the Mississippi, the waters 
there, and even as far south as the reefs of Florida, and to 
the Bahama Islands, being among the clearest of the sea- 
waters yet discovered. The bulk, therefore, of the immense 
volume of sedimentary mud brought down by the Missd&- 
sippi, and also by the numerous other rivers that discharge 
themselves into it, must accumulate at the bottom of the 
gulf. Nor should it be hastily concluded that the analogy 
will not hold, because we see at present near the great 
coal basins of England, no extensive surrounding continents 
at all adequate to justify the inference that they could have 
supplied that enormous mass of sedimentary shales and sand- 
stones which compose the coal measures. It is the very 
extent of this accumulation which may help us to a solu-. 
tion of the difficulty. Geological observations everywhere 
show that the relative position of land and water is con- 
stantly undergoing changes ; it can be demonstrated that, 
our present continents have been once the bed of the ocean, 
and that even at the time when the coal strata were in pro- 
gress of formation, a large portion of the present continent 
of Europe was under the sea. If then, we find, as we do 
among the great northern drift, boulders which we cannot 
refer to any existing mountains, may it not be supposed 
that the lands and mountains from which the coal shales 
were derived, may have been since entirely swept away, and 
their places now occupied by the ocean ? The vast length 
of time necessary for eflfecting such extensive changes, can- 
not be considered a valid objection ; for the Geologist soon 
becomes convinced that immense periods have doubtless 
been required for the completion of all operations effected 
by the agency of sedimentary deposits. 

The above reference to the sedimentary deposits of the 
Mississippi is more or less applicable to all large rivers, and 
is only intended to shew how the shales and sandstones of 
the coal measures may have been accumulated. I shall 
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now proceed to consider the geological circumstances whic^ 
have produced the intermediate beds or seams of Coal. 

The permanency and stability of mountain chains and of 
the land in general, and the fluctuation of the level of the 
ocean, used to be, and,perhaps still is, except among geolo- 
gists, the prevailing belief; but the concurrent testimony 
of all accurate observation of past geological phenomena^ 
and a careful investigation of the changes still taking place 
in the relative levels of land and sea, prove that the con* 
verse is the fact, namely, that the general level of the ocean 
is fixed and permanent, and has never much varied firom 
what it is at present; but that the land on every part of 
the globe is firequently undei^oing changes firom a lower to 
a higher level, or firom a higher to a lower. In the former 
case, the bed of the ocean was first thrown up into mouA- 
tain chains, which appeared above the surfitce as rocky 
islands, and then by a repetition of the elevatory causes, 
the surrounding parts appeared as plains and valleys, con- 
stituting together, a continent. In the latter case, namely, 
during a period of subsidence, the valleys and plains first 
became submerged, leaving the mountains as insulated 
(diains, or completely burying them beneath the waves. So 
many well authenticated instances of these subsidences and 
elevations are oh record in the works of geologists, and 
have been collected by the industry of Mr. Lyell, and more 
recentiy by Mr. Darwin, that it is merely necessary to 
menti(m a few of the most striking. 

During the earthquake of Cutch in tiie delta of the 
Indus, in Bombay, in 1819, a tract of country upwards of 
thirty miles in length was converted firom dry land into sea 
in the course of a few hours, but so uniformly that the four 
towers of the Fort of Sindree continued standing, so that 
the people within who had ascended to the top saved them- 
selves in boats. Immediately after the shock, at the dich 
tance of five miles, rose a long elevated mound, where 
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previously there had been a low and perfectly level plain. 
This newly raised country was upwards of fifty miles in 
length, and its breadth about sixteen miles. In one geolo.- 
gical epoch and district, a series of elevations may be taking 
place by slight and repeated paroxysmal efforts of subterra* 
nean gases at escape, as has long been and still is taking 
place on the west coast of South America, the shores of 
the Baltic, and many other places ; while on the contrary, 
a subsidence from the settling of the earth's crust, may 
either simultaneously, or in another epoch, be going on in 
a different portion of the surfisu^. In 1692 Jamaica was 
visited by a dreadful earthquake, and many parts of the 
coast, with houses, &c., were sunk thirty to forty feet be- 
neath the waves. In 1755, the Quay at Lisbon sank at 
once to the depth of six hundred feet. A celebrated French 
geol<^t, Elie de Beaumont, supposes that in the history 
of the earth there have been long periods of comparative 
repose, during which the deposition of sedimentary matter 
has gone on with regular continuity ; and that there have 
also been short periods of paroxysmal violence, during 
which that continuity was broken. Mr. Darwin has shewn 
that in the Pacific, an extent of ocean more than one 
thousand miles in one direction, and several hundreds in 
another, is scattered over with islands which are now in a 
course of very gradual subsidence from the action of sub- 
terranean causes. While on the South American continent, 
elevations are taking place over wide areas with a very 
uniform force, proofs of which appear in terraces of stones 
and shells in the high valleys of the flanks of the Andes* 
These changes of level are now so well understood, that it 
would be a waste of time to enter into fieirther details ; the 
general fact is completely established. 

The changes which seem principally to have been in 
operation during the formation of the Coal measures, were 
^ubsidencies of the land ; and I shall consider these suIh 
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sidencies as the basis of what has long appeared to me the 
most satis&ctory and consistent explanation of the £Eu;ts 
obsenred as to the superposition of the beds of coal, and 
thdbr irregularities in distance from each other, in thickness, 
and in continuity. It seems to be the only theory which has 
the advantage of being in accordance with the recognized 
laws of nature now in operation; and requires none of those 
accommodating alternations of elevations and subsidendes 
which ha,ve been called in aid by some geologists, but 
which are required to be too numerous and too regular to 
merit the sanction of the independent observer. The 
theory I am about to propose is not altogether new; and in 
a somewhat modified form has been held by many eminent 
geologists. Jameson long ago considered that the plants 
from which coal was formed, once stood and grew in the 
places where they were buried. Brongniart thought it 
probable that the beds were formed from vegetables, which 
after their death passed into a 4dnd of peaty deposits of 
greater or less extent, on which other vegetables still grew, 
till, as De Luc imagined, they afterwards slipped into the 
sea, or by other means, became covered by beds of rocks, 
and there gave rise to the Coal deposits. If, for this awk- 
ward mode of entombment in the waters, we substitute a 
submergence of the land when covered by the vegetable 
mass, I think we shall not be &r from the truth. The 
authors of the Fossil Flora after adverting to various cir- 
cumstances, arrive at the conclusion that the beds of Coal 
chiefly originated in vegetable matter which lived, died, 
and was decomposed upon the spots where we now find it ; 
each bed having been the product of an extended sur&ce 
of marshy land, covered with a rank luxuriant vegetatum* 
(Pref. to F. F., vol. 2, p. xxii.) These views have been 
recently advocated in a Paper, read by Mr. T. B. Beau- 
mont before the London Geological Society, and are in 
unison with my own. My opinion is simply this — That 
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the trees and vegetables from which the beds of Coal are 
deriredy grew on the identical spots the latter now occupy, 
when each bed was successively the sur&ce, and probably 
was but litde raised above the level of the waters, either 
as detached islands or extensive plains or savannahs ; that 
these surfaces, during the settling of the earth's crust, were 
one after another submerged and covered with sedin^nts 
from turbid waters, or with drifted day, sand, and shells 
which buried up the plants; that these sedimaitary deposits 
gradually accumulated till they formed a new surfree, 
which ii^ time produced another growth of plants and trees, 
and after a second period of rest, were in their turn sub- 
merged and covered up by other deposits; and that similar 
intervals of repose with intermittent occasional subsid^acies, 
were repeated during the entire period of the Coal forma- 
tion. As eadi vegetable sur&ce sunk beneath the waters, 
it gradually became converted into Coal by processes 
already explained, and the successive deposits of mud and 
sand became consolidated into shales and sandstones. 

The enormous aggregate depth of the whole coal forma-* 
tion, and the great thickness of some of the beds of shale, 
&C., incontestibly prove the long periods that must have 
been required to complete thenu This slow deposition is 
in harmony with what we observe in all other geological 
epochs, and has kept going on till the accumulated sedi- 
ment has formed a shoal, which has gradually reached the 
sur&ce, by d^ces has resisted the encroachment of the 
waters, and then established itself as an island. As the 
channels between different islands became choked up with 
sediment, marshy plains or morasses would be formed, and 
would tmite the islands into plains, upon which vegetation 
would soon commence, and favoured by great heat and mois- 
ture, would rapidly prepare a soil for the growth of the 
larger succulent plants, and for forests of hardwood trees 
and coniferoe. All this, however, implies a long interval of 
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rest ; for however rapidly the lofty soft and spongy Lepi- 
dodendrons and creeping Stigniarias would develope them- 
selves in a moist atmosphere and unifonnly high tempera- 
lure, many generations of them must have been necessary 
to supply a sufficient quantity of vegetable mould for the 
forest trees, and of carbonaceous matter for the thidcer beds 
of Coal, reduced as they are in bulk, by subsequent super- 
incumbent pressure. The Fossil Trees which were lately 
discovered in our own neighbourhood, on the line of the 
Bolton Railway, and which will form the subject of a sepa- 
rate paper, throw out roots as thick as those of an oak two 
hundred years old, and must have required a long period 
for their growth. Centuries of rest have probably elapsed 
during the accumulation of those v^etable masses in which 
the thicker seams of Coal have originated ; while the ex- 
treme thinness of others, proves that the paroxysms have 
taken place at irregular intervals, and have sometimes suc- 
ceeded each other rapidly. 

The annexed series of ideal sections (Plate XL* No. 1, 2, 
and 3,) has been constructed to assist the reader to under- 
stand this process. The whole are supposed to represent 
the same portion of a Coal Field at different periods of time, 
and in different stages of submersion. In all, the horizontal 
line AA represents the permanent sea level, and the respec- 
tive letters point out the corresponding beds, whether rf 
Coal, Shale, or Sandstone, which may be all identified in 
the same relative position through the series. The sur- 
faces of vegetable matter are shewn by perpendicular lines ; 
and where submerged and converted into Coal, are crossed 
by horizontal lines. No. 1 represents the earliest stage ci 
the series (though long after the commencement of the car- 
boniferous era) just after partial subsidences of the surface 
at a and c/, which are covered with water, and while vege- 
tation is still flourishing on the intermediate undisturbed 
portion. In No. 2, tlie level of the land remains the same, 
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but a long period Having elapsed, the water at a and d ha» 
been displaced by accumulations of sediment, which have 
formed a new sur&ce, and been covered by fresh vegetable 
matter ; while in the mean time vegetation has been pro- 
ceeding on the unsubmerged portions, and accumulating a 
thicker mass than is contained in both the beds b and c, 
with which it unites, the lower bed, b, being partially or 
altogether converted into Coal. No. 3 shews the same 
deposits at a still later period, after the whole has under- 
gone another and more general subsidence, the vegetable 
sur&ces, b and c, being covered up by fresh sediments, and 
converted into Coal, and the whole buried beneath the 
waters. These sections will illustrate many existing ap- 
pearances ; first, the formation of a thick and often irregu- 
lar seam of Coal by the union of two or more thinner ones ; 
second, the interpolation of a stratum of shale between two 
beds of Coal, where the shale gradually thins out and is re- 
placed by Coal {d in No. 2 and 3) ; and third, the pro- 
cess by which fossil trunks have been imbedded and filled 
with inorganic matter. This will be explained more at 
large in the Paper on the Fossil Trees, found on the line of 
the Bolton Railway. The deposit of sandstone which sur- 
rounds the top of the imbedded trunk in Sections No. 2 and 
3, is introduced to shew how the latter comes to be filled 
with a different material to that which surrounds it ; the 
same bed is not continued at d, beyond the central portion, 
because the subsidence on that side, being less, and the 
depression shallower, it has been filled up to the surface 
with the previous deposit of shale, c/, before the water 
became mixed with sandy sediment. This will explain 
why a particular bed of shale, &c., which is found in one 
situation, is often deficient at a very short distance, even 
where no &ult intervenes. 

There is a peculiarity in the texture of Coal, which has 
not received the attention it deserves. If it be closely 
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examined, it will be found to consist of a series of parallel 
horizontal laminsB, varying in thickness from the fourth to 
the sixteenth of an inch, often adhering dosely together, 
but sometimes with an intermediate layer of fibrous glossy 
charcoal, in broken portions, which causes it to separate 
easily. These laminae are best observed in the cross frac- 
ture, and often exhibit considerable difference in compact- 
ness and lustre, some being so much more bituminous and 
shining than others, that they may be traced for a great 
length. This structure, though in some coal seams indis- 
tinct, is so general, that it seems to point to some law which 
the chemical geologist might advantageously investigate. 
Does the Coal of some of these lamin» differ in the pro- 
portions of its carbon, hydrogen, and oxygen, from others 
above or below it? Has that which contains more hydro- 
gen, because formed from resinous vegetables, (the coni- 
ferse), separated and arranged itself above others while in the 
fluid state, because its specific gravity was less? Does this 
laminar structure indicate that each thin layer, as it became 
bituminized, has been separately converted into Coal by a 
process commencing at the bottom of the mass, and pro- 
ceeding gradually upwards? Or, lastly, can it be recon- 
ciled with the idea of the simultaneous consolidation of the 
whole bed? 

There is another feature in every Coal Field, fruniliar to 
all connected with the working of the mines ; I allude to the 
inequality in the thickness of some of the seams. This may 
be accounted for by the irregularity of the subsidence over 
extended areas, and may result fit>m the greater or less dis- 
tance of different parts of the vegetable surfiu^e from the 
axis of convulsion. The disturbances would act with vari- 
ous intensity upon a plain or morass, extending over fifty or 
one hundred square miles, elevating some portions, perhaps, 
and depressing others below the level of the waters. We 
will suppose such a movement as this to take place after a 
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long period of rest, during which a thick stratum of vege- 
table matter had been accumulating, which had hitherto 
preserved a pretty uniform thickness. What will be the 
result? The progress of vegetation immediately ceases 
nipon those portions which have been submeiged, and they 
axe soon covered with a deposition of mud, sand, or silt, 
which, if no second submersion take place, will continue to 
accumulate till it reaches the surface of the water. Vege^ 
tation will then commence upon it, and will go on simultar 
neously with that on the contiguous land, where, during 
this interval, not having been submersed, it has been going 
on uninteruptedly, and increasing the thickness of the bed. 
(See No. 2.) At length another and more general subsi- 
dence takes place ; the whole area of the plain is sunk be- 
neath the waters, is gradually buried under a series of muddy 
sediments, and by time and pressure is ultimately converted 
into Coal. When again exposed, a vertical section would 
present the appearance shewn in No. 3. 

It will easily be comprehended how these partial subsi- 
dences might be modified by local circumstances, so as to 
produce that variety in the thickness of the beds, which is 
often found in different parts of the same Coal Field ; as 
well as to account for the occasional thinning out of the 
coal seams,* and for the interposition of shale, clay, or sand- 
stone in thin beds, or in scattered patches within the Coal. 
(See No. 2 and 3.) A bed of Coal formed from the vege- 
tation of an insulated tract, would necessarily be limited to 
a corresponding shape and extent ; but other neighbouring 
lands would also be covered with vegetation ; and it is easy 
to understand that a seam of Coal formed from the whole by 
a general subsidence, would be distinguished by some dis* 
crepandes and interruptions of continuity. We may thus 



* In Shropshire these are known by the name of Symon Faults. See an 
iUiiBtrative diagram in Murchison's Silur. Syst., p. 102. 
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aooount for those partial irregularities which occur, amidst 
a general uniformity in all extensive Coal Fields. 

The subsidences of which I have been speaking, must 
not be confounded with those more violent convulsions 
which took place after the consolidation of the beds, and 
subsequently to the carboniferous era; which broke up 
whole districts in every direction, elevating some portions, 
and d^ressing others, and produced those extensive dislo- 
cations generally known by the name of Faults. 

In the following paper on the Fossil Trees, found on the 
Bolton Railway, I have ventured to draw some conclusions 
relative to the time that has probably been required to pro- 
duce a given thickness of Coal, and the amount of shrink- 
age it has undergone in passing into the solid state. These 
might have been appropriately introduced here; but as they 
are so closely connected with, and founded upon, the charac- 
ters of the trees described in that paper, I shall content 
myself with simply referring the read^ to them in a sub- 
sequent part of the present volume. 

In conclusion^ I have not adverted to the question that 
has been often asked, whether the water that prevailed at 
the period of the coal formation were salt or firesh, because 
it does not affect the views I have endeavoured to explain, 
as to the formation of Coal. It is probable that both salt 
and fresh water were present at different periods, and in 
different portions of the field ; for while the corals and shells 
of the intermediate Limestones in the Newcastle district, 
and the Pectens and Goniatites of the lower measures in 
Lancashire and Yorkshire, indicate marine conditions, the 
Unios and Cypris of the upper measures are equally strong 
in favour of a fresh water origin. 
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ART. VI. 

Observations on the Characters of the Fossil Trees 
lately discovered on the line of the Bolton Rail^ 
way 9 near Manchester. By J. E. Bowman, 
F.G.S. & F.L.S- 

Read SOth January, 184L* 

As the Fossil Trees, whose nature and history I have un- 
dertaken to investigate, have already been the subject of 
some able observations by Mr. Hawkshaw, to whom geolo- 
gists are indebted for their discovery and preserv.ation, I 
shall merely say that they were discovered in the spring of 
1839, on the line of the Manchester and Bolton Railway » 
near the Dixonfold station, and about 5^ miles N. W. from 
Manchester. They all stand in nearly an erect position, 
their inclination being about fifteen degrees from the per- 
pendicular S. by W., corresponding with that of the 
strata, and showing that before the displacement of the lat- 
ter, they must have stood erect. The material on which 
they stand is a thin bed of pure bright coal, eight or 
nine inches in thickness, which divides into long slender paral- 
lelograms ; on thb the large roots spread out in all direc- 
tions, slanting downwards from the trunks, and resting upon, 
but not penetrating into the Coal, which underneath them 
u more splintery and impregnated with sulphuric add than 
in other parts. All except No. 1 are below the level of the 
railway, and are inclosed in round walled pits, so that the 
roots cannot be traced beyond a few feet, and the trunks are 

* Read alio before the Geological Society of London, 26tli Feb., 1841. 



Digitized by 



Google 



Trees fofund Tiear i^nchester. 113 

im&youraBly situated for being seen or sketcbed. They lie 
in a stratum of soft grey argiUiu^eous sbale, about four feet 
thidc, among wbicli grea^ quantities of nodules, containing 
cones df Lepidostcobu^ with pieces of Stigmaria, &c., were 
found. Upon the shale is a bed of fine gpr^iued sandstone, 
about four feel tUdk, but the change from the shale is very 
gradual, and no definite boundary can be seen. Of this 
sandstoiiie the trunks of the trees for the most part consist. 

The diameter of die laxgest, No. 1 ., at the base is 5ft., 
and a littie above it 3ft. Sin., at 3ft. high it is 2ft. Gin., and 
at the top 2ft. Its, present height is 8ift. 9in., when Mr. 
Hawkshaw measured it, it was lift ; and workmen who 
were present when it was first laid bai^, say that it was then 
still higher. No part of the roots can be seen ; the swoUen 
base indicating their commencement, is of hard sandstone, 
mixed with much carbonaceous matter. At 2ft. above the 
base there is a reaiarkable horizontal band of blue shale, 
containing many thin plates of sandstone and streaks of 
charcoal, about l.Oin* thick, which, from its moire rapid decay, 
gives the trunk the appearance of being contracted in that 
part. This shale band is a very important feature, and will 
be again referred to. The carbonaceous exterior was for 
the most part crumbled off; &e little that i^p^siined was not 
more than :|th to id of an iiich thick ; traced with faint and 
fine longitudinal Unes, but no scars like those on SigiUaria 
were observed. The greater part of the trunk was there- 
fore decorticated, and in most places was marked with rude 
irregular ribs from ^ to ^ inch wide, slightly convex, and 
parted by shallow and narrow irregular furrows^ by no 
mews so parallel, and equally biftircated as in the stem 
figured by Brongniart from the mines of Anzin. (Hist, des 
Veget. fossiles, vol. 1. pi. 160, fig. 3.) Some of the ribs 
divide ; others unite without order, and are made up of de- 
tached portions, having a wavy diagonal direction, and 
towards the ba^e become more indistinct, intermix, and 
I 
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finally disappear; and their general surface is faintly streaked 
with intercepted patches of irregular lines. As it was im- 
possible to convey a definite idea of these by description, I 
placed paper on the most perfect parts, and by pressing it 
into the furrows, I have preserved exact impressions, which 
are deposited in the Museum of the Manchester Geological 
Society. 

The only trace of scars I could find after a long and dose 
search, was in one place near the base, and though &int and 
irregular, they were still sufficiently defined for an eye prac- 
tised in the coal fossils, to be recognised as those of Sigit- 
laria. The fine wavy lines so often found on decorticated 
specimens of that family, might be seen in many places on 
the ribs. As the front and sides only of this fossil are ex- 
posed, I found that the undisturbed matrix behind was not in 
contact with it, but that there was an interval varying finom 
an inch to an inch and a half^ which was filled up with a fine 
light coloured shale, much stained in places with ferrugi- 
nous matter, and marked on the sur&ce with longitudinal 
ribs, though less distinctly than the decorticated parts. On 
removing this intermediate layer, I found it to be made up 
of a single series of longitudinal columns, whose flattened 
sides were very closely pressed against each other, but pre* 
vented firom actual contact by a thin partition of pure coal, 
not thicker than a wafer. Both the coal and contiguous 
lateral surfaces of the columns were traced longitudinally 
with fine parallel striae, convex on the latter, grooved on the 
former, and being exact counterparts of each other. These 
intervening plates of coal have their edges directed inwards 
and outwards, and their flat surfaces at right angles with 
that of the trunk, divergent from the axis, like the medul- 
lary rays of modem timber trees. They are connected 
together underneath, or on the decorticated surface of the 
trunk, by a similar continuous, though thicker layer of Coal, 
which forms the coat or bark of these fossils when they are 
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first exposed. It would thus appear that the original bark 
was longitudinally grooved, and had a series of intervening 
elevations or processes, which having become carbonized, 
divided the surrounding shale into the rib like portions 
already described. I was so struck with this singular 
arrangement, that it was not till after several examinations 
in different parts, that I became fully satisfied of the &tct ; 
and I have in this, and several other instances, gone into 
details, at the risk of being tedious, that no part of the evi- . 
dence as to their structure, which these fossil^ have supplied, 
might be left unrecorded. The interior continuous layer of 
coal was not above the eighth of an inch thick ; and it is not 
easy to understand how so large a tree should have so thin 
a rind, compared with that which is often seen on much 
smaller specimens of Sigillaria reniformis, to which I refer 
the tree I have been describing. There was no trace of the 
longitudinal ribs, either on the surface of the argillaceous 
exterior of the tree, or on the cast on the face of the matrix 
in contact with it ; but on both a rough coat of scaly ferru- 
ginous matter. 

No. 2, (See Plate 3) is but the stool or base of a trunk 
8ft. 2in. in girth, and nearly 2ft. 6in. in diameter. The 
ribs and fturows on the sur&ce are similar to those on No. 
1 ; and are seen in places on the sides of a deep wedge- 
shaped rift on the S. £. side, which has been coated with 
coal, and is strongly marked with wavy raised lines run- 
ning without any order in various directions, very like 
the surface of the alburnum of a gnarled oak after the 
removal of the bark.* But the most important features are 
the enormous roots, which strike off in different directions, 
slanting downwards at an angle of twenty-nine degrees with 



* This appearance » well shewn in a portion of the trunk preserved in the 
Museum of the Manchester Geological Society ; where are also several spe- 
cimens of its furrowed roots. 
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the horizon towards the coal, but are abruptly cut off when 
they reach its surfieu^, which is covered with about an inch 
of whitish unctions clay, nor could any trace of rools be 
discovered within the coal when searched for. The three 
principal roots that remain (one being destroyed in excar- 
vating,) have each a diamater of 20in. to 2ft.,* and their 
surface is marked with ribs and furrows which diverge on 
each side of lines which are parallel with the longitudinal 
axis of the root; a character which, as far as I am aware, 
no modem roots possess.f 

1^0. 3 is smaller, its height being only 2ft. 3in., girth at 
the base, 5ft. lOin., girth at top, 4ft. lin., its diameter at 
top, 1ft. 2in. Its sur&ce is much smoother, having a few 
irregular and broken furrows, but is covered all over with 
faint rather slanting lines, which on different sides, diverge 
in different directions, and are apparently natural, and not 
the effect of outward pressure. They were too faint for 
me to succeed in taking an impression. There is a remaric- 
able longitudinal concavity or depression on the S. side, 4in. 
wide, which is deepest at the base (4iin.) and gradually 
narrows upwards, till it disappears near the top. 

No. 4 is about the same size, (height 2ft., girth at base 
5ft. 5in., ditto at top, 3ft. 6in., diameter at top, 1ft.) It is 
remarkable for its swollen base, and has a broad shallow 
longitudinal depression. The ribs are narrower, but much 
more prominent, wavy, and rugged, than any of the other 
specimens, often bifttrcating or running into each other, and 
are traced with fine longitudinal lines, like those of growth. 

* That towards the E. is 2ft., and that to the W. 2ft. 2iii. in diameter. 

-|* The arch between the great roots underneath the trunk offering an op- 
portunity, I excavated the clay and shale to ascertain if any tap root descend- 
ed perpendicularly downwards, like that of an untransplanted oak, but there 
was no indication of any. Unfortunately this tree is in a state of greater 
decay than the rest of the specimens, owing to the admixture of shale with 
the sandstone. It is already cracked and broken in all directions, and its 
complete destruction at no distant period, is inevitable. 
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No. 5, (See Plate 4) is a larger specimen, 5ft. 3iD. from the 
base to the top, where its diamater is 2ft. 4in., and its girth 
7ft. 8in., girth at base, 10ft. 4in. It is ribbed and ftirrowed 
like No. 1 and 2, but in one place the ribs seem to have 
been forced out of their natural direction. There are no 
scars, but the ribs both in the corticated and decorticated 
parts, are more distinctly marked with longitudinal wavy 
striae. The coaly exterior near the base is in two plates, 
^le crystallized parallel to the surface, the other at right 
angles to it. The ribs may be traced down to the roots, 
though they become very irreg^ular, and constantly run into 
one another like the crossing rifts in the bark of an old 
Spanish chesnut. The main root before it biftircates, 
has the extraordinary diameter of 4ft. 6in., but it may 
probably have been flattened by pressure. The most strik- 
ing feature of this specimen is a concave depression along its 
whole length on the N. side, and it has evidently extended 
much higher. It is 12in. wide, and Sin. deep, ribbed and 
furrowed, though faintly, and is covered with a thin coat of 
coal which is striated. A similar depression has been men- 
tioned on No. 3, and as they are too constant and regular 
in their characters to be accidental, I could not help sus- 
pecting they might be the places where some cylindrical 
column had been pressed against the tree while in a grow- 
ing state, such as a parasitic plant, like the ivy, or the cable- 
like lianas and climbers of tropical forests. There is, how- 
ever, another smaller depression on the W. side, partially 
filled with the surrounding shale, but shewing no trace of 
any other substance having been in contact, at least at the 
time it was imbedded ; so that I must leave this point as I 
find it. 

No. 6, the latest discovered tree, is situated on the N. or 
opposite side of the railway, and twenty-four yards nearer 
to the Manchester terminus. It is about 2ft. high, and 1ft. 
in diameter at the top, and at least double that amount at 
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the base, where it resembles a large bulb. The surface is 
obscurely ribbed, smooth and streaked like No. 3, aud where 
the coaly shell remains, it is half an inch thick. In one 
place it shews precisely the long prominent scars of a de- 
corticated Lepidodendron. It differs from all the rest in 
having an irregular longitudinal cleft through its centre at 
the top, the inner walls of which shew a striated surface, 
and are coated with coal. Is this the base of a bifurcation? 
or has there been a rift which has been in process of repara- 
tion by a deposit of new wood? 

Such, very briefly, are the appearances which an attentive 
examination of these extraordinary fossils presents, and I 
think that no one who is at all aware of the conditions of 
the globe when they were growing upon its surface, and of 
the vast interval that has since elapsed, can view them, 
converted into solid rock, without deep and strong emotions, 
nor without a conviction that they are still standing on the 
spots where they originally flourished. Nor would it ever 
be suspected that they were of that soft succulent nature 
which many of the gigantic vegetables of the carboniferous 
era imdoubtedly possessed. On the contrary, their general 
character, size, and robust habit, are precisely those of any 
aged and decayed tree of the present day ; the trunks much 
widening below, where the enormous roots strike off, and 
appearing as the remnants of a forest of blasted and lifeless 
oaks, whose boles and roots alone survive. Their enor- 
mous roots were manifestly adapted for taking firm hold of 
the soil; and in conjunction with the swollen base of the 
trunks, to support a solid hardwooded tree of large dimen- 
sions and spreading top, in an erect position, and to enable 
it to resist violent storms. It is true we have here no direct 
evidence of a branched trunk and spreading foliage ; but 
such have been found in the coal districts of England, fossi- 
lized and branched in the same way as our forest timber. 
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With reference, therefore, to Fossil Trees in general, and 
especially to those at Dixonfold, I shall now endeavour to 
show, 

1st. That they were solid, hardwooded, or timber trees, 
in opposition to the common opinion that they were soft or 
hollow. 

2nd. That they originally grew and died on the identi- 
cal spots where they are now found interred, and have not 
been drifted firom distant lands ; and, 

Srdly. That they have become hollow firom the decay of 
their wood by natural causes still in operation in tropical 
climates, and have been subsequently filled with foreign 
inorganic matter, precipitated as a sediment firom water. 

1st. That they were solid timber trees. It is weU known 
that modem trees in temperate latitudes, increase in thick- 
ness by means of a new layer of wood formed annually be- 
tween the bark and the alburnum. The more or less per- 
pendicular rifts or furrows in the bark of fuU grown trees, 
are owing to the expansion caused by these new deposits, 
and so is the thickening or swelling of the base of the 
trunk and main roots, and the apparent tendency of the 
main roots to rise above the surface of the soil, which 
is always most observable in the oldest trees, and never 
in young ones, and is owing to the chief increase being on 
the upper surface, or the side most influenced by light and 
heat, for the same reason as the rings of the trunk are thick- 
est on the south or sunny side. Of a similar character are 
the swollen base and far extending roots of No. 2, which 
diverge downwards firom the stool, at an angle of twenty- 
nine degrees with the horizon* But no soft monocotyledo- 
nous tree, such as Palms and arborescent ferns, to which 
these fossils have generally been referred, have this economy, 
their stems not swelling laterally by new layers one over 
another, but growing upwards only, and fi*om within, and 
being as thick when they are only a few years old, and a foot 
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high, as when they attidn the age and hei^t of sixty or one 
hundred. Nor have such plants the massive forked roots 
of ordinary forest trees, but generally a dense assemblage 
of straight succulent fibres, like those under the bulb of an 
onion or a hyacinth. Analogy, therefore, as far as outward 
shape and habit are concerned, is strongly in favour of the 
fossils having been solid timber trees.* 

Geologists have generally considered all fossil stems with 
perpendicular ribs and fturrows, such as Sigillaria, to have 
been succulent or hollow, because they are always found 
filled with shale or sandstone, which has evidently been sub- 
sequently introduced in a soft state, because it often contains 
the leaves, &c., of other fossil vegetables. But the fine, 
straight, curled, or gnarled striae to which I have alluded, 
and which may be traced upon the decortieated parts of 
good specimens of Sigillaria, are so similar to those on the 
alburnum of many modem forest trees, as to render it pro- 
bable, and in conjunction with other evidences, almost cer- 
tain that the fossils had, like them, a separable bark, a 
character which in vegetable physiology is considered to be 
the proof of a woody structure. It may also be remarked, 
that the little prominences on the sur&ce of the alburnum 
seen in barked timber, which arise from the formation of 
new wood over the yet concealed buds in their progress 
outwards, have their representatives in many of the decor- 
ticated parts of these fossil trees. The scars also lefik by the 
disarticulation of the leaves, are indicative of a dicotyledo- 



* I know not why there should be bo much difficulty in admitting this to 
h&ye been the case ; for it is evident from the abundance of soft and silky 
layers of charcoal, still showing its fibrous woody structure, which forms the 
surface of most beds of coal, and subdivides them into laminse, that timber 
trees must have been common during the carboniferous period. This evi- 
dence exists on the cdal on whidi these trees stand ; I found it even within 
the space which the extremity of the root of No. 2 covered, when endea- 
vouring to trace it down into the coal, and it would be difficult to prove that 
it is not the remains of the wood of this identical tree. 
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nous, if not <tf a wooded simctuie. I could only find these 
scars in one spot on Nor 1, and I attribute tkeir rare occur- 
rence on large and $M trunks of SigUlaria, to obliteration 
by irregular expansion from the subseqoait dqxMUtion of 
new layers of wood.* This process, annually and unequally 
repeated for a long period, will also most satis&ctorily ac- 
count for that indistinct and irregular arrangement of the 
ribs and furrows, their want of continuity and parallelism, 
their divisions and inosculations, which are so striking on 
some of the Dizonfold trees^ but which are never seen on 
small specimens of Sigillaria*- 

In addition to the evidences I have given of the woody 
stracture of the trees before us, I am able to add another 
still more decisive, in a specimen found by myself and Mr. 
Binney on the bank of a cannel pit, three or four hundred 
yards towards the N. W. of the Dixonfold trees. It formed 
a portion of a fossil tree which had been cut through in 
sinking down to the Cannel, whose geological position is 
below that of the thin coal which bears the trees under dis- 
cussion, of which it probably formed one of the same group. 
The great mass of this tree was filled with shale con- 
taining leaves of ferns and other fossils, but on one side, 
within the carbonized bark, was a patch that was browner, 
harder, and more compact than the rest, and which appeared 
to have preserved its original structure. This was fully 
ascertained by thin polished slices obtained by the method 
adopted by Nichol and Witham. My fiiend, Mr. Robert 



* I have named ecars on No. 6 a« jn'ecisely thoee of a decorticated Lepi- 
4odendron, and ae the root of this specimen is much swollen, it might be 
argued that as those fossils have been shewn to have had soft succulent stems, 
the other trees with roots probably had such also. But this would not be 
i^orrect, because, first, the swollen base of No. 6 is of a very different cha- 
racter from the gradual thickening of those of No. 1, 2, and 5 ; and secondly, 
there is no difficulty in admitting that a soft monocotyledon might grow 
among hardwooded timber trees, as at present in tropical forests. 
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Brown, kindly undertook to direct longitudinal, transverse, 
and oblique sections to be taken, that the structure might 
be examined in every direction. That profound botanist, 
after a close examination of the sections, has fitvoured me 
with the result, and has kindly permitted me to state it on 
his authority ; so that I need say no more as to the accu- 
racy of the observations, or to the value and importance of 
the evidence they establish. 

In the transverse section there is that uniformity of vas- 
cularity which is evidence of the coniferous structure. The 
longitudinal section taken perpendicular to the medullary 
rays, does not satisfactorily confirm this evidence, inasmuch 
as very little structure remains, and that little exhibits the 
tubes obliquely cut. In the longitudinal section parallel to 
the medullary rays, the eidstence of these rays was ascer- 
tained; so that we arrive at the following highly important 
results. In the transverse section, the uniformity in size 
of the cells, shews an affinity to coniferse, and their arrange- 
ment in parallel rows or lines is indicative of intermediate 
medullary rays; while in the longitudinal section parallel 
to them, they (the rays) have been proved to exist. The 
specimen therefore exhibits proof of dicotyledonous struc- 
ture, and considerable probability of that structure being 
coniferous. But the more important evidence derivable 
from the presence of discs in the sections made parallel to 
the rays, is wanting, the vessels having apparently under- 
gone some alteration. This specimen therefore, independ- 
ent of the question whether its exterior markings correspond 
with those of Sigillaria, and whether or not it formed one 
of the same group with the Dixonfold fossils, establishes 
the important fact, that some at least of those trees which 
are believed to have been originally hollow because we find 
them filled with inorganic shale, were in reality solid timber 
trees of dicotyledonous structure. 

Other inferences might be adduced in favour of the wood- 
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ed structure of these trees,* but as they are connected with 
the remaining divisions of the argument, I will proceed, 

2ndly. To shew that they must have originally grown 
and died on the identical spots where we now find them 
interred, and have not been drifted from distant lands. 

Having attributed the formation of the beds of coal to a 
series of subsidencies of the surfaces on which the vege- 
tables which produced it, grew, it seems naturally to follow 
that the trees also flourished on the same spots. The 
advocates for the Drift theory account for the upright 
position in which trees are often found, by supposing that 
they readily assumed that position from the greater specific 
gravity of their base, and the soil entangled among the 
roots. This is correct as long as they continued to float 
in deep water and a moderate current; but when they 
grounded on shoak, or were cast ashore, they would gene- 
rally fall and lie prostrate. Mr. Hawkshaw has very 
judiciously observed that it is much more difficult to con- 
ceive how a number of great trunks should have been left 
standing, side by side, in an uniform and nearly upright 
position, and in precisely the same angle with, and perpen- 
dicular to the plane of the sur&ce, by the accidents and 
varying eddies of a current, than that they had grown in 
the places where we now find them. We must not forget 
that the material which envelopes the roots and lower parts 
of the trunks to the height of five or six feet is a fine 



*^ I have great satisfaction in being enabled to state that some recent in- 
▼estigations of Mons. Adolphe Brongniart go yery far to confirm the views 
here advanced. In a letter to myself, dated 21ft March, 1641, he says, 
** What you tell me respecting your fossil trunks of Sigillaria is deeply inter- 
esting, and very well agrees with what I have myself observed in a small 
specimen of Sigillaria elegans, the internal structure of which has been pre- 
served. I have just described it in a Memoir inserted in the 1st vol. of 
' Archives du Museum d* Hist. Nat. de Paris,' in which I have endeavoured 
to prove that it has the nearest affinity in its internal structure to the Cyca- 
dese, which have essentially the organization of Dicotyledons." 
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smooth blue shale, which is soft and unctious at the bottom, 
and could therefore only have been deposited from tranquil 
water. These great trunks could not have been floated 
and stranded where we find them, without the aid of a 
considerable current; and under such circumstances the fine 
particles of mud of which the shale is composed, must have 
been .carried away. Thb muddy deposit round their base 
is therefore a strong proof of the absence of any current. 
The trunks of modem trees generally stand perpendicular 
to the horizon, even when they grow on mountain slopes, 
and the fossils being found in this position as r^;ard8 the 
plane of the sur&ce, is strong presumptive proof of their 
being stUl in their native situation. K this be admitted, 
it also proves their fabric to have been strong, and their 
roots firmly fixed, or they would probably have been tilted 
aside by the subsidence of the bed. Besides, it generally 
happens that upright trunks are found either upon, or a 
little above, a bed of coal; whereas, had they been drifted, 
the chances are in &vour of their having been more firequently 
thrown upon the alternating shales andsandstones, since these 
compose a much larger proportion of the entire mass of strata. 
Drifted materials, being at the mercy of various modify- 
ing and accidental causes, can never exhibit uniform results. 
The theory of subsidences, on the contrary, corresponds 
with observed &cts. If the coal seams are the accumulated 
remains of many generations of a luxuriant vegetation, this 
rich compost would be the most likely situation for the 
growth of trees, as it is at present in tropical forests. Nor 
is it any objection that the roots seem to be cut off when 
they come in contact with the coal, for the fermentative 
process would probably destroy the vegetable texture of all 
below its surface. The parts that rise above the coal, shew 
they were composed of hard ligneous fibre, firom around 
which the soft half-formed coal has subsided, just as in 
some bogs in Ireland, as Mr. Murchison informs us (Silur. 
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Syst. p. 559) the bases of the trunks of andent forest trees 
may be seen still standing in their natural position, <^ as if 
on high stilts,'* with their roots exposed, owing to the 
shrinking of the suiroimding peat. And if it be thought 
that the weight of the solid trunks would hare caused them 
to sink into the fluid Utuminous mass, I reply that being 
then immersed in water, the consequent diminution of their 
specific gravity would rather have tended to float them, had 
they not been kept down by the pressure of the surround- 
ing muddy sediment upon their roots and trunks.* 

Having shown the great probability that these trees still 
occupy thdr original sites, I have now to show, 

3rdly. That they have become hollow from the decay of 
their wood, and have been subsequently filled up with sedi- 
mentary deposit afiter immersion. 

Mr. Hawkshaw has stated in a Paper read before the 
Geological Society of London, that in the virgin forests of 
the torrid zone, the solid wood of £Edlen timber trees ra{»dty 
decays, while the surrounding bark retains its texture and 
original appearance. Perhaps die wood is acted on by a 
kind of fermentation superinduced by a stagnant, hot, and 
humid atmosphere, aided by the attacks of xylophagous 
insects, while tiie bark may be preserved by some antisep* 
tic or chemical properties. Be tiiis as it may, the fact is 
established. Mr. Hawksbaw's connection with the mines in 
Venezttek gav^ him many opportunities for asoertainiiq^ the 
length of time necessary to efiect the decomposition of the 



* My friend ProliBflwr Pfailliiis of York, though fiiyovrahle to the Drift 
Bystem, at once acknoideclged to mytdf and a gedogicBl party, vvtile view- 
ing these trees, his conviction that tiiey mast have grown upon the spot; 
and he added, with his characteristic candour, that the sight of them had 
reHeved his mind from doubts and difficulties that had for years perpleiMd 
him. Shortly after this, I had the pleasure to accompany Professor Agasaiz 
to inq>ect them ; and he did not hesitate to express his conviction, from the 
evidence of the roots alone, that they had been solid timber trees, and had 
grown upon the spot. 
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wood under such drcamstances. In clearing out roads 
from the coast to the mines through the dense forests of 
the interior, numbers of timber trees were left, because not 
wanted, by the sides of the avenues ; and he was surprised 
to find that in the short space of six, nine, or twelve 
months, the wood of many of them hcui not only decayed^ 
but had altogether disappeared, leaving the bark sound 
and unaltered ; so that the trunks, though to the eye they 
seemed perfectly sound, became hollow cylinders, and if 
struck or trodden on, readily gave way and collapsed. In 
this manner the rude bridges thrown across the streams, 
deceived the inexperienced and unsuspecting traveller, and 
precipitated him into the water. Mr. Hawkshaw informs 
me he was surprised to find that the hard fibrous exterior, 
and even the soft central parts of palms and tree ferns, resisted 
decay much longer than the hardwooded trees. 

Mr. Schombui^k, the botanical traveller, and the disco- 
verer of the splendid Victoria regia, fully corroborates Mr. 
Hawkshaw's observations as to the decay of the wood while 
the bark remains sound ; and informs me that one of these 
hollow deceptive trees gave rise to an inddent named in an 
unpublished part of his journal. He repeatedly observed 
the fact during four years' travels in Surinam, particularly 
in the low and hot districts; and he has permitted me to 
state it on his authority.* We have, therrfore, the testi- 
mony of scientific and botanical travellers, that at the pre- 



* Since this Paper was read I Lave had a letter from my friend Gardner, 
who has added so mudi to onr knowledge of the botanical riches of Brazil, 
dated Rio Janeiro, 6ih December, 1640. In reply to my enquiries as to this 
fact, he says, ** Nothing is more common than to meet with the trunks of 
large trees lying on the ground, not only in low swampy forests, but also in 
the dense virgin forests of mountain tracts (e. g. the Oigan mountains) 
covered with mosses, ferns, and other herbaceous plants, which to the eye 
appear quite sound, but which in reality consist of but little more than a 
thick bark, which gives way immediately to the weight of the traveller, 
should he incautiously step upon it." 
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sent day the solid wood of forest trees in hot and humid 
climates rapidly decays, while their exterior remains sound, 
and is ocmverted into a hollow cylinder. We can therefore 
no longer hesitate to believe, with the many evidences we 
possess of the hi^ temperature of the Coal sera, that a 
similar process then took place. It must not, however, be 
lost sight of that the fossil trees were standing more or less 
upright, and immersed in, though not covered by water. 

After the immersion of the trunk, the boughs and top would 
remain exposed to the heat and humidity of the atmosphere, 
at the same time that its roots and stem would be excluded 
from those influences by the surrounding water; and under 
these unnatural circumstances, the tree would by degrees 
loose its vital energy and die. Its top and dead branches 
would be the sport of the elements, and be torn away one 
after another, while the mud from the turbid waters would be 
forming a compact sediment round the trunk, sealing up the 
bark, in which incipient fermentation would soon commence, 
and go on till it produced bituminization and converted it 
into coal; for being under pressure and covered by a cement 
of mud, the hydrogen and other disengaged gases could not 
escape. The carbonized bark would then be in a condition 
to resist all fisurther action of the atmosphere, to which its 
inner surface would be exposed on the decay of the wood ; 
for it seems scarcely necessary to say, that after the boughs 
had rotted away, and so long as the top of the trunk re- 
mained above the surface of the water, the heartwood would 
be as much exposed to the atmosphere as if the tree stood 
on land. Thus its decay would go on till all the wood, in- 
cluding that of the roots, was completely removed ; but as 
that portion of it in contact with the bark would be the last 
acted on, it is probable that the carbonization of the bark 
would be first completed. At all events the carbonization 
seems never to have extended to the wood inwards^ nor the 
decay to the bark outwards; it being clear from the minute 
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and r^^ular wavy lines of growth seen upon gaod decortU 
dU^ed specunens, that both processes have he&x anested 
precisely at the union of the liber and the alburnum.* I 
think it therefore probable, that considering the half im- 
mersed condition of these trees, they would struggle for 
some yean between life and deaths while the carbonizatioii 
of the bark would be going on outwards, and the decay of 
the wood inwards; and that they would cmly submit to 
a lingering death when all their top was gmie, or they 
became completely immersed by a second subsidaice. 
The caiboni^tion of the baik would probably not take 
place where it was not surrounded by sediment; and this 
may explain why boughs and branches are not found in 
upright fossil trees. Every part above the carbonized line 
would soon perisll. 

We have then in ihese upright immersed trunks, so many 
hollow cyliiiders or moulds, ready to receive the sediment 
precipitated £rom Iht turbid waters. The process of fiUii^ 
up would commence as soon as the top of the broken trunk 
decayed below the surfiice of the water, and the wood was 
su£Gicientiy removed to admit the deposit. The mud first 
admitted would be of the same quality as that suspended in 
the water at the time; if no change took place before the 
cylinder was fiUed, all the included column would be of one 
kind; but H^ during the process, the sediment, from being 
argillaceous became arenaceous, the lower part of the tree 
would be shale and the upper would be sandstone ; as many 
alternations would appear in its trunk as in the equivalent 
dqposits above, but on a lower level; and the line pf sepa- 



* Every one acquainted with the laws of vegetable physiology is aware 
that in modem trees this is tlie part where the vital eneigies are most active 
and longest continued ; its effects may be observed in any old tree not quite 
dead ; for if only a small portion of living bark be left on one side, a few 
branches and foliage will be found above it, though the rest of the trunk be 
hollow and decayed. 
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ration between them would \^ more or less clearly defined^ 
as the change was gradual, or sudden. It is obvious that 
if the tree had been originally hollow and of uniform dia- 
meter, the sediment admitted would coir^^nd both in 
quality and thickness with that on the same level around 
it. If on the contrary it had been solid, no sediment while 
it continued so coxdd be introduced; but if in process of 
time it became hoUow by decapy it would then.be in a con- 
dition to receive whatever sedimait the water might at that 
time be depodting ; ii being borne in mind that it was sub* 
merged, standing erect or nearly so, with its lower portion 
buried up by the deposits that had been accumulating rouild 
it while solid. In the latter case the strata on the same 
level within and around the trunk, would not coirespond ; 
but the introduced matter would be found to resemble in 
quality and generally in thidmess, the beds. above from 
which it was derived, or. of which it was the equivalent, the 
intervening space being greater in prop(»rtion to the length 
of time the tree had. continued solid. 

To make thi^ more intelligible, I have introduced a tree 
in several different stages of this process into Plate 2 j which 
explains the formation of Coal by subsidence.' v. In the. ideal 
Section No. 1, its trunk e, appears immersed, while its top 
is above the sur&ce, and its branches are brok^i off. In 
No. 2, though no fieurther subsidence has taken place, its top 
is decayed below the sarbee, but the water has given place, 
first, to a deposit of shale, a, whidi surrounds the trunk, a^d 
next, to toother of sand&tone, which last has been admitted 
into the now hollowed trunk, and has filled, its interior. 
This sediment having attained the surface, has been covered 
by a new vegetation, c. In No. 3, the whole has been sunk 
deeper by another more general subsidence, firesh deposits 
from the water have covered up all the former vegetation, 
and converted it into Coal, and the trunk, filled with inor^ 
K 
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ganic sandstone, but retaining the original markings of its 
exterior, has become in every respect, a Fossil Tree. 

I will now briefly describe^ the actual conditions of the 
tree No. 1, and of the surrounding strata, and then see how 
far they can be reconciled with the above theory. I need 
not repeat what I have already said of its size, or of the 
clear indications of vegetable structure impressed upon its 
surface. The trunk of this fossil is a compact fine-grained 
sandstone, with an intermediate horizontal band of shale, 
b in Section, Plate 5, nine or ten inches thick, the bottom 
of which is two feet above its present base, and which sepa- 
rates the sandstone into two distinct beds. It is disting^uish- 
able from pure argillaceous shale by a mixture of sand^ 
.^d where weathered, is seen to consist of a number of very 
thin plates of soft bluish sandstone, with intermediate laminae 
of shale. It is separated from the contiguous sandstone, 
both above and below it, by an abrupt and definite line, in-* 
dicative of sudden changes in the nature of the deposit, 
which changes are the more remarkable, because in the Coal 
measures, the transition from one kind of deposit to another 
is generally so gradual and indefinite, that it is difficult to 
fix the boundary line. The matrix that envelopes the lower 
half of the tree, and lies upon the nine inch seam of Coal, 
c, Section, Plate 5, is a blue or grey argillaceous shale, that 
imperceptibly changes upwards into a sandstone, not dis- 
tinguishable from that which forms the tree itself. On a cur* 
sory view, this sandstone appears to be of considerable thick- 
ness on the slope above, but owing to the &11 of detritus, and 
the effects of weathering, the face of the beds is so much ob- 
scured, that it is difficult to trace them ; but on laying them 
bare, a well defined bed of laminated shale, a, Section, 
Plate 5, may be seen inserted between the thick sandstone. 
This sandstone gradually changes upwards into another 
bed of shale, which again is overlaid by a seam of Coal 



Digitized by 



Google 



Trees found near Manchester. 131 

about two feet thick. I have carefully measured all the&e 
beds^ and have given their relative thickness and quality, 
both within and above the tree, with the tree itself in situ^ 
in the accompanying Seetion^ Plate 6, to convey a more 
correct idea than by description alone. A coinddence will 
be perceived between the band of shale within the tree, and 
that just named in the sandstone immediately above it ; and 
it is much stilengthened by the circumstance that the lat- 
ter is also composed of thin plates of soft sandstone, with 
intermediate shale, and is also definitely and clearly sepa- 
rated from the hard sandstone above and below it. It is, 
however, fifteen inches thick, while that in the tree below is 
only ten inches, a difference to be explidned in the sequel. 

These general coinddences in the order and quality of the 
deposits within and above the tree, naturally lead us to 
inquire if they will not afford some clue to the circumstan- 
ces under which it was interred; Had the tree been origi- 
nally hollow, or even cellular within, the same blue shale 
that is deposited around it, would have forced itself into the 
interior ; unless indeed while entire, there had been no aper- 
ture, or if its top had been above the surfiu^ of the water. 
In either case, the great lateral pressure of the surrounding 
water and muddy sediment, would have caused its sides to 
collapse. Most, if not all fossil trees found in an erect po- 
sition, have retained their circular form, and moreover are 
fiUedwith a material which differs from the surrounding 
matrix, and corresponds with an upper bed. This is the 
case with the specimen under examination ; the base is twice 
the diameter of the upper part, and the whole trunk nearly 
round, so that it can have yielded but slightiy to outward 
pressure, and none of the fine blue argillaceous shale which 
compacdy envelopes it, seems to have penetrated within. 
These appearances indicate that the tree was originally soHd ; 
while, on the other hand, the inorganic matter which now 
represents it, affords indisputable evidence that it was, at 
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some period, a hollow cylinder, which admitted the sedi^ 
ment in a soft state, and through a wide aperture, because 
these fossil trunks contain fern leaves, calamites, &c., often 
of considerable »ze, and with their beautiful maiidngg un- 
injured. The question therefore arises, how these oonti»r 
dictory appearances can be reconciled ; and I lliink a satis- 
&ctory solution may be found in the process already de- 
scribed, by which the solid wood of modem tunber trees in 
tropical climates is removed, while the bark remains sound. 
I will just repeat that there is no real difficulty in applying 
this explanation to the fossils under consideration, on account 
of their upright trunks being surrounded by water, so long 
as their tops were above the sur£EK% and exposed to atmos- 
pheric influences, as already stated. The wood wotdd be 
gradually removed, and when the exposed top was either 
broken off by further decay, or submerged by a second sub- 
sidence, the operation of filling would commence, and the 
sediment then contained in the water^ would be simultane- 
ously deposited within and above the tree, though at differ- 
ent levels. If any change took place in the nature of the 
sediment, it would be the same in both places, and so would 
the thickness of each bed, if the cylinder were of unifonn 
diameter ; but if of a conical shape, the introduced matter, 
having a wider area to cover than the aperture by whidb 
it was admitted, would consequently be thinner than its 
equivalent above. This will explain why the sandstone 
which forms the lower part of the tree is not so thick 
as the bed which surrounds its top, and which I take to be 
the same deposit. To the eye the sandstone within and 
above the tree in which the shale bands are inserted, appears 
to be precisely identical. The only difference between the 
shale bands is in their relative thickness, that within the tree 
being only ten inches, while that above is fifteen inches, 
and this is satisfactorily explained. In the former, the ^c^ 
tion is a vertical one, or nearly so, but in the latter, it is 
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measured on the slope of the catting, which inclines about 
thirtyndx degrees towards the railway; and as the strata 
dip about iseyenteen degrees in a contrary direction, or in- 
wards from the slope, it follows that the Section will be a 
diagonsd of nearly one third greater extent than the vertical 
one, and consequently that the real difference, if any, is*^ 
very slight Besides, from the gradual tapering of the tree up- 
wards, the aperture through which the sediment was admit- 
ted, would have a less diameter than the shale band itself; 
and moreover, no sediment from the water that was below 
the top of the tree could be introduced, so that both these 
causes would tend to reduce the thickness of the lower band. 
It is also necessary to bear in mind that when this shale- 
band was formed, the top of the cylinder must have extended 
upwards seven or eight feet higher than it does at present, as 
iiidicated by the dotted outline d in the Section, Plate 5. 
But on this assumption, another apparent discrepancy will 
arise, on comparing the relative thickness of the sandstone 
over the shale^band, within and above the tree. Its pre- 
sent thickness in the trunk is five feet six inches, and if to 
this we add about seven feet six inches to the top of the 
dotted line, it will exceed that of its supposed equivalent 
above, which may appear at first sight to be &tal to the view 
I have adopted. But I think it only proves that when the 
surrounding sediment had risen as high as the top of the 
cylinder, a good deal of what afterwards settled round it 
would find its way into the aperture, in addition to that de- 
rived from the water perpendicularly above it ; the specific 
gravity of the sandy deposit would cause it to slip down and 
form a quaquaversal slope or funnel round the orifice, which 
as the sediment accumulated, would collect it from a con- 
tinually widening area, and rapidly fill up the cavity.* It 



* No indication of such an arrangement can be seen in the present in- 
stance, because the top of the trunk and its suiTonnding matrix for six feet 
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may also be observed that the upper part of the tree is of a 
softer material and a bluer tint than it is below, shewing a 
correspondence with the gradual change from sandstone to 
shale in the bed above, and rendering it probable that the 
top of the trunk reached still higher than the point I have 
assigned it. Had that portion of it been fortunately pre- 
served, it might have been possible, by comparing the dia- 
meter of the aperture with the capadty of the base, to have 
pointed out the level in the surrounding strata at which the 
interior began to be filled up. But as this is lost by the 
excavation of the slope, and as the extreme base, and pro- 
bably the roots also have disappeared from the same cause, 
all that can be ascertained is that the tree became hollow 
about the period when the change in the deposit from the 
lower shale, to the sandstone above it, took place. 

I have now shewn that the trunk of this fossil is a cast in 
sandstone of the original tree, and that it is composed of 
the same strata placed in the same order of succession, and 
with the same transitions, now abrupt and now gradual, as 
are found in the rock above it ; I have accounted for this 
general correspondence, for several slight inequalities of 
thickness, and for the difference found in the material within 
the base of the tree, and in the imbedding matrix ; I have 
offered strong evidei^ce from the laws of vegetable phy»- 
ology, that it was a dicotyledonous hardwooded timber tree, 
and the testimony of three scientific travellers, two of whom 
are distinguished botsmists, that such trees in our own day, 
rapidly become hollow by the decay of their wood in hot 
humid dimates, while their bark rem^s sound ; and I have 
given an instance fi*om the coal strata, of a fossil stem in 
which a portion of the original dicotyledonous structure was 
preserved among the inorganic matter that filled the inte- 

in every direction have been removed in excavating the railway ; but I men> 
tion it that observation may be directed to this point on any future discovery 
of upright fossil trees. 
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nor. I am therefore of opinion, after a careful considera- 
tion of all the evidence adduced, that the tree in question, 
in common with numerous others found in similar situations, 
was a hardwooded solid timber tree, that it grew on the spot 
where it still stands, and after the first subsidence of the land, 
remained in an erect position with its top above the water ; 
that it was converted into a hollow cylinder by the gradual 
decay of its wood, from natural causes still in operation; that 
when altogether submerged, it became a mould for the recep- 
tion of sediment from the turbid waters, and was gradually 
covered up by subsequent deposits, preserving the exact 
form and character of its original woody surface, as the car- 
bonized exterior has that of its bark ; and that now, when 
at length it is disinterred after the lapse of countless 
centuries, it presents to us an exact cast or model in 
sandstone, of the trunk of a growing forest tree of the 
carboniferous sera. 

Having dwelt so long on the appearances presented by 
this, the most important of the gproup, I shall merely add 
that all the other fossil trees are of similar sandstone, are 
imbedded in the same blue argillaceous shale, and stand in 
the same position on the thin bed of coal. No. 2, indeed, 
which is so striking from its enormous roots, seems to be 
intermediate between shale and sandstone, and to partake of 
both ; it is much softer than the rest, and has yielded more 
rapidly to decay. This may be accounted for by supposing 
that from some cause or other, it became hollow at an ear- 
lier period than the rest, and was in a condition to receive 
the sediment at the commencement of the change from- 
shale to sandstone. The small specimens called No. 3 and 
4, had roots when first eicposed, but being of shale they 
are now crumbled away. 

There are one or two circumstances connected with these 
interesting fossils, which, though I shall not venture to lay 
any stress upon the deductions they may lead to, I may be 
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allowed to mention, because if future observations on other 
spedmens should enable botanists to make any approximar 
tion as to their age and rate of growth, they would form 
elements and possess a value they may not yet be thought 
entitled to. / allude to the great size of the trees com- 
pared with the thinness of the bed of coal on which they 
standi and which it will be recollected, is not more than 
nine inches thick. If it be admitted thatthese trees were of 
soHdtimber) and grew in the vegetable matter from which this 
coal is derived, it is evident, that at least as long a period 
must have beai occupied in its formation and accumulation, 
as was necessary for the trees to acquire their present size, 
and probably much longer. If we had any data by which to 
estimate the rate of growth of such trees in tropical climates 
in our own day, we might make a tolerably near approach 
to the time these fossils required in the probable climate of 
the coal sera to attain their present dimensions, and might 
thereby arrive at the minimum of time necessary for the 
growth and conversion into mould, of the vegetable matter 
in which they grew. In answer to my enquiries on this 
head, Mr. Schombur^ informed me that generally speaks 
ing, he thought a dicotyledonous tree, which, in temperate 
latitudes would require a century to attain f o a given thick* 
ness, would only require from sixty to eighty years within 
the tropicst Doubtless the rate of growth of different natu-t 
ral fiumlies varies there as well as in higher latitudes; but 
as no precise observations have been published on this head, 
that I am aware of, I will take the oak of our own climate 
as a basis, because we* know that on an average it requires 
about one hundred and fifty years to acquire the size of the 
large fossil, No. 1, which at eight feet high, measures two 
feet in diameter.* According, therefore, to Mr. Schpm- 

* In Loudon's Arboretum Britannicum, vol. 3, it ia stated that the ave- 
rage circumference of five oaks of one hundred and twenty years old, was 
about sixty-one and a half inches, or a diameter of about twenty inches, 
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bargk, a timber tree of this diameter would be about a hun- 
dred years old within the tropics at the present day ; and 
for want of more precise data, it may be assumed that the 
climate of our own latitude during the carboniferotis era, 
was somewhat similar, and that the fossil tree No. 1, was 
the growth of about a century. That period, therefore, on 
the lowest calculation, must have been necessary to produce 
as much vegetable mould as the tree required, even admittbg 
that the tree was coeval with the earliest vq^tation on the 
newly emerged sui£ace. But it is more probable that some 
time would elapse before a sufEdent quantity of v^;etable 
mould would be formed for a young tree to take root in; 
nay, it is very possible there might have been a previous 
generation of similar trees on thesame spot. So thatunder 
all the dreumstances, it may be assumed that a muchUmger 
period than a century has been necessary to produce as 
much vegetable matter as is contained in a bed of coal nine 
inches thick. ,,. 

Again, these fossl trees seem to me to afford some evi- 
dence as to the amount of shrinkage which vegetable matter 
has undergone in its conversbn into ooaL This wiU be 
better understood if I first describe the mode of growth of 
a modem tree* Let the dotted perpendicular line, a, in the 
diagram jk, Plate 4, rqxresent ayoong sapling, and the hori- 
zontal dotted line, i, the sur&oe of the soil, in which its 
roots, c, c, strike out on eadi side. Let the scored outline 
of the same diagram represent the base of its trunk and main 
roots when it has become a full grown tree, the upper part 
with the head being removed, and the stool divided perpen- 



taken at six feet from the ground. Also that four oaks of sixty years old, 
had an average circumference of thirty inches, or a diameter of about ten 
inches, taken also at about six feet above the ground. It is also stated that 
a middle aged oak grows from an inch and one-third to one inch in circum- 
ference yearly, between its twentieth and its hundredth year ; that it some- 
times exceeds this measure, and in its second century falls within it. 
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dicularly through the centre, so that the diagram represents 
a vertical Section of it The lines in the interior that are 
parallel to the sur&ce, are longitudinal sections of a few of 
the annual rings of new wood, which being soccessiyely de- 
posited upon each other, cause the gradual increase in the 
diameter of the trunk. The axis of the roots is shewn by 
the dotted diagonal lines, e, c, which are continuations of 
those of the sapling. To understand this, it is necessary to 
say that in the roots of dicotyledonous trees, the dbief in- 
crease of woody fibre is on the upper sur&oe, or that whidi 
is nearest to the influences of the atmosj^ere and of heat, 
so that a transverse Section would have the appearance of 
the diagram, b, Plate 4, in which the ads (for roots have 
no pith,) is very eccentric, and very near to the under sur- 
face. This economy will explain the protrusion out of the 
soSl of the roots of old trees at their divergence from the 
trui^ often erroneously attributed to the shrinkage or re- 
moval of the surrounding earth, or to the apparent lifting 
up of the whole tree. Let us now apply these laws of the 
gprowth of modem timber, to the fossil trees under conuder- 
ation, from one of which (No. 2) the outline and proporticm 
of the diagram I have be^i explaining, are actually taken. 
The main roots diverge from the trunk at an angle of twenty- 
eight to thirty d^rees with the horizon, and are abruptly 
cut off where they rest on the surfrtce of the coal, df, d. 
Under the centre of the trunk b a hollow vaulted space, e, 
fourteen or fifteen inches in perpendicular height from the 
sur&oe of the coal. Now I think it will be apparent, from 
the angle of the divergent roots and their present position 
upon the coal, that the tree could not, when growing, have 
occupied a lower position than it does at present; probably 
a much higher one. It seems also evident that the surface 
of the soil, bj b, could not have been lower than it appears 
in the diagram, for had it been so, the base of the stem where 
the roots diverge in the sapling, would have been exposed 
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land lifted out of the ground, which is what we never see in 
nature.* I believe I have kept within the truth in placing 
the original sur&ce of the vegetable mould only three or 
four inches above the central vault. If, therefore, we add 
to this the height of the arch, fifteen inches, and nine inches 
more for the thickness of the coal, we have a total of twenty- 
seven or twenty-eight inches for the original depth of the 
vegetable matter, which in its consolidated state, as coal, is 
now compressed into a thickness of nine inches. It is there- 
fore reduced into about one-third of its original bulk, and 
has lost two-thirds by shrinkage. This is probably the 
minimum, for if we take into account the rank and gigantic 
character of the Coal Plants, we shall easily admit that in 
decay they would rapidly accumulate a deep mould which 
would raise the surfisice much higher than I have assumed, 
and consequently that the actual shrinkage has been much 
greater. However high it might have been, the trees would 
sink gradually with the vegetable mould as it underwent 
decomposition, and would pierce it when become semifluid 
by fermentation, till they found a solid resting place at the 
bottom of the yet half formed ooal.t The vegetable matter 
may therefore have occupied many times the bulk I have 
assigned to it, but could not have occupied less; and the 
greater the original bulk, the more considerable has been 
the shrinkage. 

I offer these views with diffidence, being aware they may 
be thought by some to lie beyond the legitimate province of 
the geologist ; but I wish no more value to be attached to 
them than they may seem entitled to in the estimation of those 

* In the Manchester Botanic Garden, where the soil is light and deep, 
the roots of forest trees spread more or less horizontally, at a depth below 
the surface varying from one to eight inches. 

f It has been already said that the roots do not penetrate the coal, but 
ai'e abruptly cut off at its surface ; and that the immersed portions have 
probably been acted on by the chemical changes going on in the surrounding 
vegetable mass, so as not to be distinguishable from it. 
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most competeQt to decide. In geology, complete evi- 
dence can seldom be obtained, but by tracing insulated 
facts, as they present themselves, to their probable origin, 
and by examining their various bearings and relations, many 
an interesting problem may ultimately be solved, which at 
first sight may seem beyond our reach ; and if we can at all 
jGBUsilitate the deductions of future observers, our feeble 
efforts will not be entirely useless. 



Note. — While this sheet was passing through the press, I was asked by a 
very intelligent friend to explain how, on the supposition I have adopted, 
viz., that the decay of the wood of these fossil trees took place while they 
were standing uprt^, all traces of it should hanre disappeared, since it is 
reasonable to think it would be found in the shape of carbonaceous matter at 
the bottom of the cylinder. The objection is pertinent, but I think it may 
be removed by a due consideration of the conditions I have stated, i. e., that 
ihiB top of the tree was fint broken off at some height above the sorfiice of 
the water, and that the process of decay was far advanced, if not completed, 
before a farther fracture broke down the trunk low enough to admit the 
water. The decayed wood, then lying in detached fragments at the bottom 
of the hoUow cylinder, would be so buoyant^ that it would immediately rise, 
escape through the orifice, and be floated off. In fact, the interior inorganic 
matter of these fossil casts is often mottled with carbonaceous fragments, 
shewing a fibrous woody structure; and it would be difficult to disprove that 
these are not portions of their own <»^giii^ wood.«J. E. B. 16th Aug., 
1841. 



A beautifid set of Models of these Fossil Trees, and of the Section of the 
Coal Measures, shewing them in situ, with the Railway, &c. &c., all drawn 
to scale and coloured, has been prepared by Mr. Wm. Ballt, of Manches- 
ter, and may be had for a moderate sum. 
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On a White Fossil VoYfjy^u found under a Peat 
Bog in Lincolnshire^ composed of the siliceous 
frfigmenis of microscopic parasitical Confer- 
va. By J. E. Bowman, F.L.S. & F.G.S. 

Read 7th November, 1839. 

If we take the Telesoope or the Microscope, and survey 
those portions of Creation which lie beyond the reach of 
the unassisted eye, we are equally lost in wonder at the 
magnitude and distance of the one, or the minuteness of 
the other. The Telesoope reveals to us worlds and sys- 
tems so inconceivably remote, that imagination led on by 
science, fedls to comprehend their immeasurable distances* 
The Microscope not only enables us to examine the hidden 
structure of otganized forms upon our own globe, but 
brings into view living bdngs so inconceivably delicate and 
minute, that but for the evidence of our senses, their exist* 
ence would be called in question. K there be one thing 
more surprising than another in the whole range of natural 
phoenomena, it is perhaps the vast extent to which both 
animal and vegetable life are carried downward in the scale 
of being. Wken we see an animalcule sporting freely in a 
drop of water, we feel as incapable of forming any distiiu^ 
conception of the minute muscular fibres by which its 
motions are effected, and of the still smaller system of 
vessels by means of which it is nourished, as we are of the 
magnitude of the universe ; and we are more perplexed in 
attempting to comprehend its organization, than that of a 
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whale or an elephant. Yet Ehrenberg has discovered that 
the infusoria are provided with muscles, intestines, teeth, 
eyes, nerves, &c., though forty-one thousand millions of 
them might be contained within the space of a single cubic 
inch. Every naturalist is aware of the countless myriads 
of these creatures that swarm during summer in ditches and 
stagnant waters, and of the marine Poljrpi that exist in 
such inconceivable numbers in the seas of warm latitudes. 
These minute beings are endowed with the power of secret- 
ing lime from the sea water, and by means of it they build 
up a complicated calcareous framework beneath the ocean, 
which from a oorad reef becomes first an island and then a 
continent ; and after being the resort of birds and clothed 
with vegetation^ is fitted for the abode of animals, and 
ultimately prepared for the reception of man himself. It 
can be proved that this process has been in operation from 
a very early geological period; many of the Transition 
or Silurian limestones are vast masses of coralloids and 
encrinites, immense coral reefe reared by polypes in ages 
inconceivably remote; while the carboniferous limestone,^ 
as well as every other of later formation contain abundance 
of their remains; so that these insignificant animalcules 
have performed an important part in the structure of exist- 
ing continents. 

It is not much mdre than three years since the distin- 
guished living philosopher already named, astonished the 
scientific world by the discovery of animalcules in a fossil 
state. In the course of his extensive investigations, he 
foimd that a soft stone, the Tripoli of commerce, long used 
as a fine polishing powder, consisted almost entirely of the 
sUiceous skeletons of microscopic animals, which being per- 
fectly preserved, may be examined by the microscope, and 
compared with living species, with some of which they are 
identical. This stone, or powder, is found in such abun- 
dance in some countries that whole mountains are composed 
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of it; he examined specimens from Sweden, from Bohemia, 
from Tuscany, and from the Isle of France, and found it 
everywhere composed of countless myriads of the einiyiae 
or cases of minute infusorial animalcules; whole races and 
generations of which must have lived upon the spot when 
covered by water. In Sweden and Lapland it is found in 
a pulverized state resembling flour, and is called Bergmehl, 
or mountain meaL In times of scarcity it is mixed up 
with grain and the bark of trees, and made into bread ; and 
is superstitiously considered as a seasonable gift of the 
Great Spirit of the Forests. It would appear, indeed, that 
it has more than an apparent resemblance to meal, for 
Berzelius found, on analysis, that it contained a small 
portion of animal matter, though the bulk of it was pure 
Silica. 

Another apparently similar powder has more recently 
been discovered, which stands in the same relation to 
plants, as that of Ehrenberg does to animals. The beings 
from which, in both, it is derived, are placed at the bottom 
of the scale of organic life, only one remove from inorganic 
matter, and where embryo vitality commences; and they 
constitute together a group which is the connecting link 
between the animal and vegetable kingdoms. Some of 
these forms are so ambiguous that the acutest naturalists 
who have studied them most, are still divided and uncertain 
as to which they essentially belong* The extremities of 
some shew moveable littie points, which afterwards change 
into new individuals; are these ova, or gemmae? and others 
have been observed to increase by separation; are these 
polypes, or viviparous vegetables? Many of the species 
emit an animal smell when burnt, by which it has been 
inferred they ought to be classed with animals ; but this is 
only negative evidence, because various large Alga of 
undoubted vegetable origin also produce a similar odour on 
being burnt. Wherever the line of separation may be 



Digitized by 



Google 



144 Mr. Bowman on a White Fossil 

ultimately drawn (which it probably never can) they form 
together a transition group, impero^tibly passing upwards 
on the one hand into the animal, and on the other into the 
vegetable kingdom ; each successiye division in the ascend- 
ing scale, becoming more and more deddedly stamped with 
the characters of the one or the other, and in its advanoci 
being endowed with a higher and more complex oiganiza* 
tion. But while just emerging from doubt and obscurity, 
there are some existing forms which may be safely referred 
to the animal and others to the vegetable kingdom, both 
still retaining the common character of being invested with 
a siliceous case or envelope^ which is indestructible; ana- 
logy therefore would lead u^ to suppose that similar forms 
might also be found in the fossil state. 

In Silliman's American Journal of Science for October, 
1838, Professor Bailey states that he found in the neigh- 
bourhood of West Point, State of New York, a deposit of 
white powder eight or ten inches in diiekness^ and probably 
several hundred square yards in extent, buried about a foot 
below the surface of a small peat bog*, which, on examinar- 
tion, was almost entirely made up of the siliceous shells of 
infusorial animalcules, among whidi were a few fragments 
of vegetable origin. He also found near the same locality, 
living infusoria in great abundance in small streams and 
stagnant pools, and nestling in wet moss <m moist rocks ; 
but most abundantly in bunches of Confervas which consti- 
tute the green slimy matter so abundant in bogs and slow 
running brooks. They were accompanied by great num- 
bers of minute parasitical Conferva^, by burning off the 
vegetable matter from which, and examining the ashes 
with a good microscope, numerous siliceous shells, both of 
the animalcules and the plants were discovered, and were 
found to be equally unchanged by fire or acids. Many of 
the forms of each were found to be identical with those in 
the fossil state. 
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The knowledge of these curious facts stunulated scientific 
men to search for and examine similar depositions in other 
places ; for it was not yet suspected that anything of a 
similar nature existed in Great Britain. In the Magazine 
of Natural History for July last (1839), Dr. Drummond 
of Belfast, announced the discovery, in Ireland, of a very 
light white earthy substance, found in considerable quan- 
tity on lowering the waters of Lough Island Reavey, by 
the Bann Company, under a covering of about a foot of 
boggy soil, and in other neighbouring valleys in the 
recesses of the Moume mountains in the county of Down. 
He describes the powder, when dry, to be of the whiteness 
of chalk, but becoming brownish when wet; as light as 
carbonate of magnesia, which it much resembles, and with- 
out any admixture whatever of unorganized matter, or 
cementing medium. The specimen he received was a 
compact mass, and had a coarse and somewhat fibrous 
fi^cture, but could easily be pulverized; when rubbed 
between the finger and thumb, it had no grittiness, but 
seemed to be an impalpable powder ; and when it was then 
blown into the air, it floated about almost like wood ashes. 
Magnified figures of this powder are given, consisting of six 
different shapes, but the bulk of it is stated to be long 
linear spicular bodies, with a small per centage of others of 
an oblong or square shape, or oval, or with swollen ends. 
This powder was not acted on by nitric, muriatic, or sul- 
phuric acid, and was indestructible by fire. Now, It is a 
well known fact, that many families of vegetables, especially 
the Graminese and Carices, take up a large quantity of 
Silica in a fluid state through their roots, and deposit it in 
an organized shape within and upon their stems and leaves. 
In fact, beautiful vegetable skeletons of such plants may be 
procured by burning away all the carbonaceous matter, 
after which a complete counterpart of the original struc- 
ture, as white as snow, is left in the indestructible siliceous 
L 
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framework. It is also known that Silica, in consi4^fble 
abundance, enters into the composition of certain tribes of 
Algse, Confervse, &C.9 and may be seen in their ashes, after 
burning, in an oi^ganized and unaltered state. On submit- 
ting some minute parasitic plants of the^ families to ^ red 
heat, and afterwards examining them in the microseope, 
Dr. Drummond found that the ashe9 of one of them^ th^ 
Diatoma elongata, which abounds in a small drain in the 
neighbourhood of Belfast, consisted of oblojag joints pre- 
cisely similar to the spicular bodies that formed so large a 
proportion of the fossil powder from Loug}i Island Reayey, 
and he came to the conclusion that the latter is composed 
of the siliceous skeletons of portions of these minute yeg€»- 
tables, and analogous to what had previously been found in 
several places both in the old and new world. 

As yet, however, it was not known that this highly 
curious, though apparently uninteresting powder was to 
be found ip England; and this discovery is due to the 
researches and close observation of our indefatigable hono- 
rary secretary, Mr. E. W. Binney, though from beii^g 
unacquainted with the character and structure of the 
minute and grotesque forms of the tribe of vegetables to 
which it owes its origin, he was not fully aware of its real 
nature. He informs me that so long ago as 1836, being 
then on a visit in Lincolnshire, he observed a whitish pul- 
verulent substance on the sides of a deep ditch, which he 
at first took to be lime ; but on examination, finding it to 
be quite different in its properties froTpL that body, he sup- 
posed it to be of animal origin. The place where it was 
found is a portion of reclaimed peat bog, about four f^t in 
thickness, lying on the Upper Red Marls, one mile west 
of the escarpment of Lias limestone in the valley of the 
Trent in Blyton Car, near Gainsborough. The peat was 
in a high state of decomposition, and had been under cul- 
tivation for some years. The white substance in question 
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httd beeu thi^dwn out in tHdening this dltch^ and drigilially 
m&i^^A a bed vatying in thicktleiSii» from four to six inched 
al the depth df about a foot under the surfaced of the peat) 
and (dJl^tistiditkgf oyer an Oreti of Several aeres idi land. In 
Bome plaeefi the pi^wder wai^ mixed with portii^tis of peiit, 
but in others it Was quite free froiii sueh eidmiicture. When 
&r»t dug up it was of a yellowish cokUf, ^d in the state 
of paste i but on becoming di^^ it changed to a beitiutiful 
white powder that floated in the ai^ on the slightest agita- 
tion, was tasteless^ and bore a gi'eat tesemblanc^ to calcined 
carbonate of magnesia. CdUcdVing that it might be fatty 
matter in th^ state of AdipoCir^C; he successively tteated it 
with sttlphurid^ hydl^ocfhlorie^ and nitric acids, and after- 
wards submitted it to the aCti<m of heat, but by all these 
processes it remained unchanged ; and he Was thence led to 
believe it Was Silica in an extremely minute state of sub- 
division. He next exposed it, under the action of the 
blowpipe, to an intense white heat for fifteen minutes ^ and 
treated it with the carbonates of potash and of soda, 
thus forming Sitieates of these substances. He sis^bse^ 
quently learfied that a similar substance was found near 
Haxey, in the peat deposit of the nfeighbouring level of 
Hatfield Chase, in considerable abundance, and was in- 
formed by the farmers there, that wherever it occurred the 
soil above it was very poor and unproductive. This feet is 
a sttong confirmation of its b^g ^fica, dueb soils being 
proverbially sterile. 

In thi» stage of his knowledge, Mr. Biikney ^w Dr. 
Drummond's aceotmt of the powder from Lough Island 
Reavey, to which I have referred, and iAimediately recog- 
nized the deposit of Bly ton Car to be juialogons. Indeed, 
it i» remarkable how closely the two descriptions coincide ; 
and it wiU be observed that in both cases, as well a& in that 
from the United States, the powder was found under peat^ 
and resisted the aCtton of aekk and of heat. He shortly 
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afterwards procured a fresh supply from Lincolnshire, and 
submitted it to several friends ; among others, he requested 
I would examine it closely, and communicate the result. 
The little acquaintance I had with the obscure, neglected, 
but pre-eminently beautiful and extraordinary tribe of the 
Con/ervcB, shewed me after the first inspection of the pow- 
der, the high probability of its connexion with them; and 
a reference to some specimens in my own herbarium, and 
to magnified figures of others in the works of Greville, 
Sowerby, &c., soon convinced me that it was indeed the 
accumulated remains of myriads of these minute aquatic 
plants, purified by the decomposition of all their original 
vegetable matter, and effectually secured from contact with 
other impurities by the superincumbent peat. The circum- 
stance of its occurrence between two beds of peat may, I 
think, be explained on the supposition of a slight change 
of level, by which the lowest bed has been submerged, and 
the water in which the ConfervsB flourished, has remained 
long enough to allow the present accumulation of their 
remains. In time, however, the water has been driven off 
by the increase of vegetables, which in their decay have 
formed the upper bed of peat, and covered up the powder. 
Such changes of level, the result of subterranean move- 
ments, are of frequent occurrence, and are familiar to 
Geologists. 

As the tribe of plants which compose this department of 
our native Flora is not generally known, it may not be 
amiss briefly to sketch their characters. They are chiefly 
aquatic, and afford the strongest illustration of the feict, 
that not a spot on the globe has been left without some 
visible witness of that Almighty Hand that first projected 
it into space. K the summit of the most barren rock or 
exposed heath is clothed with lichens and mosses, scarcely 
visible without a magnifier, the waters also, both salt and 
fresh, swarm with a vegetation of their own, if possible, 



Digitized by 



Google 



Powder found in Lincolnshire. 149 

still more minute ; the coral caves and deep recesses of the 
ocean, the crystal lake and stagnant pool, the rapid and 
sluggish stream, the pure and icecold rivulet of the Alps, 
the thermal waters and even the boiling Geysers of Iceland, 
are respectively the natural localities of plants peculiar to 
themselves, which would soon perish if transported into any 
other temperature. These are the Algte^ or ConfervtSj 
many of which are conspicuous for the beauty and even 
splendour of their colours, and so strange and grotesque in 
form that they seem to have dropped down from some other 
planet; while each is admirably fitted for its place in the 
great chain of being, adapted for food to innumerable tribes 
of creatures, in figure as anomalous as themselves, and 
many of them of direct utility to man, either as food, in 
medicine, or in the arts. Some, which on account of the 
simplicity of their forms, are placed at the bottom of the 
vegetable scale, are so minute as to be invisible to the 
naked eye, except by the altered appearance they give to 
other larger species on which they grow in such prodigious 
numbers. To this division belong those which have fur- 
nished the fossil powder now described. Their figure and 
structure are so unlike ordinary plants, that some of the 
ablest natinralists have doubted whether they really belong 
to the vegetable world, and have confessed themselves 
unable to draw the line of distinction between them and 
the less highly organized animals, from which, however, 
they are equally dissimilar. Minute as they are, many of 
them secrete a hard transparent envelope or shell of pure 
^ilica, which, as we have seen, is almost indestructible, and 
is composed of innumerable pieces of a square, rhomboidal, 
or oblong shape, united during life by vegetable matter, 
but in decay separating at the joints into detached inde- 
pendent portions, the lines of separation being as clear and 
sharp as though cut by a razor, and leaving no trace of 
their previous union. Dr. Greville's botanical character of 
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them is, that th^ are genially hyaline or tranjspar^ntf 
rigid and fragile^ in parallel series or eircles^ naked or 
imbedded in a mucous mass or gelatinous fnmdy and at 
length separating into definite segments* I may here 
observe, that though mostly parasitical apd attached to 
larger spedie^y many of them float loose in the water in 
viiry entangled masses, or detached little points not laiger 
than a pin head^ but when inagniied appear like radiated 
or starry globes. These probably He at the bottom of tJb^ 
water till the season of fructification, when they rise to Ae 
surface for a few weeks, and are so abundant that the fluid 
seems impregnated with curd or fecula, so as to attract 
vulgar observation, I have witnessed this singular appear- 
ance for several successive seasons, about Midsummer, ija 
the broad deep lake near EUesmere, in Shropshire, wba« 
it is known as "ttc breaking qf the water"' as though the 
lake thus cleansed itself of Us slimy extraneous matter. 
Some similar minute Conferva appiear annually on the 
Lake of Neuchatel, and attentive obsprvation would probar 
bly detect them in other waters; and we can scarcely doubt 
but the same causes which deposited the powder under 
Lough Island Reavey and Blyton Car, are stiU in opera- 
tion in favourable localities* The deposit is still going on 
in Lough Island Reavey ; nor is it an improbable cosjeo- 
ture, that if ever, by a slight elevation, the lakes of 
EUesmere and Neuchatel come tp be drained off, the 
remaios of floating and parasitical Confervas may be found 
occupying a stratum along their formier bottom, covered up 
by peat or bog moss. 

It now only remains for me to state the result of my 
examination of the fossil powder from Blyton Car. Though 
so impalpable as not to be felt between the fingers, and so 
minute that with an ordinary lens.no organization can be 
detected, a very high microsi^opic power shows it to con- 
sist of a mass of transparent squares or parallelograms of 
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different rektive prroportions, the areas often plain, but 
frequently traced with many very delicate parallel lines or 
streaks, which either cover the entire siirface, or only 
oc^py the ndddle zone rh one difection, leaving a broad 
plain transparent belt on each dde. Some of the par- 
ttcles are linear and very long, with occasionally a longitu- 
dinal division ; others having the same width are only one 
half, or one third, or one fourth the length; and the sides 
or edges of all, whether squares or parallelograms, are 
perfectly smooth, straight and uniform, and the corners 
rectangular atnd sharp. The btdk of the powder is, how- 
ever, mad^ n"p of irregularly shaped particles with roughish 
edges and rotmded comers, though they are, evidently from 
their texture^ of the same ori^n, and are but broken or 
comminuted fragments, which may have passed through 
the stomachs of fish, frogs, &c. The perfect particles bear 
i very close resemblatice to minute crystals of various salts; 
and, to a certain extent, they may, without impropriety, be 
supposed to be formed in a similar way. Crystallization is 
a process which acts on, and aggregates together by fixed 
lawff, the purer particles or atoms of inorganic matter, 
suspended in fluids, and seems to be the first step by 
which they are refined, and after farther chemical changes, 
prepared as it were for passing into an organic form. 
Therefore, while these atoms are subject to the laws of 
crystallization, they may be considered as in an intermediate 
or transition state between organic and inorganic matter ; 
and in this view the siliceous powder, now under considera- 
tion, may be said to partake of the nature of crystals. The 
atoms of which it is composed, are, in fact, an essential 
portion of an organized body in its lowest and simplest 
state, in which the vital principle has indeed been deve- 
loped, but has not yet acquired suflBcient energy to liberate 
them from the dominion of the laws of crystallization. 
In the accompanying figures (see plate 6, fig. 1), I have 
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sketched all the different fonns that have come under my 
notice; many of them agree with those figured from Lough 
Island Reavey, though I have not detected all that were 
found there. Neither have I perceived among them any 
that could be taken for the siliceous skeletons of animal- 
culse, though it is very probable that some such may lurk 
unseen. 

After the evidences I have now brought together, I think 
the conclusion is irresistible, that this impalpable powder is 
a mass of countless myriads of the siliceous skeletons of 
many generations of minute Con/ervcB, either identical 
with, or very nearly allied to, those of esdsting Diato- 
mace(E* If the highly magnified figures of it here given 
be compared with the separate portions or joints of the 
plants referred to in botanical works, the closest connexion 
will at once be apparent. The Botanist and the Geologist 
may each congratulate himself that these minute particles 
have throwQ new light upon an obscure comer of the wide 
field of his own researches; for while the former may prove 
their close alliance with existing vegetables, the latter may 
claim for them a place in the Fossil Flora, and rank them 
with the splendid discoveries of Ehrenberg. 

* Among many other kindred forms, the reader is referred to Echinella 
fasciculata, Grev. Cryptog. Flora, plate 16, Achnanthes unipunctata, pi. 
287. Exilaria flabellata, pi. 289, Ex. folgens, pi. 291 . Diatoma flocculosum, 
Sngl. Bot. t. 176^ Piat. Biddulphianiim, t. 1762, &c. &c. 
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ART. VIII. 

On the Fossil Fishes of the Pendleton Goal Field. 
By E. W. BiNNEY. 

Read 29th October, 1840. 

Among the many geological phenomena which the neigh- 
bourhood of Maachester exhibits, none, perhaps, possess 
more interest than the Fossil Fishes. The various strata 
of indurated clays, sandstones, and limestones occurring in 
our coal field, all in regular and determinate order, enable 
us to form some ideas of the operation of those physical 
agents, which during the lapse of countless ages have 
disintegrated the pre-existing rocks, and transported their 
component parts to the places where they now are found, 
and, the intensity and duration of their forces. The 
remains of the vegetable kingdom, found, at a depth of 
thousands of feet, entombed in beds of coal and theb ac- 
companying rocks and shales, shew us the characters of the 
luxuriant forests and delicate plants that once flourished on 
and adorned the surface of the ancient world; the mighty 
revolutions that have taken place in the relative positions of 
land and water ; and the vast periods of time that it must 
have taken for their production. It is, however, from the 
examination of Fossil Fishes, the former inhabitants of the 
deep, that we must look for the first animated beings of the 
higher order that appeared on the face of our globe, and 
sported in its primeval waters. In these researches, to use 
the words of Dr. Buckland, ^^we introduce an additional 
element into geological calculations; we bring an engine of 
great power, hitherto unapplied to bear on the field of our 
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inquiry ; and seem almost to add a new sense to our powers 
of geological perception." 

No class of fossils has received less attention from the 
Paloeontologist than the remains^ ef fishes. This has arisen, 
probably, from the imperfect state of the science of recent 
Ichthyology, in which, until taken up by the great Cuvier 
and his celebrated successor, Professor Agassiz, little had 
been done. No doubt, the inaccessible abodes of fishes 
rendered the study much more dsfficxdt than that of terres- 
trial animals. 

The chief chavaetefs by wUeh Cuvier arranged this dttiBS 
of the Vertebraia were the number and posiition of the fins^ 
the gill covers, the teethy and the brancUostegous raiys. 
This method of ammgement, although admirably calculated 
for the dassificadon of recent fiidMst, would not serve to any 
great extent in the examination of fossil specimens, the 
mi^xirity of which are mere fragments of bones and detadied' 



The £Eict of the fbrmaition of so large a portion of the 
crust of the globe beneath water, would lead us on first 
thoughts to expect the discovery of traces of the fbiflker 
existence of fishes, wherever we find the r^nains of mo^ 
Imsca and amchtfera. 

We will now consider daortly the remains of recent fishes. 
When the bottoms of lakes and pods diat formerly abounded 
with fishes, as well as testcKta, are ^cam&ied, those of the 
fimner are rafiely to be met with, although we generally 
discover an' abundance of the remains of the latter. Whe- 
dier liiiB absence arises from the speedy decomposition of 
their bodies^ or the fact that few of them die natural deadis 
owing to their predatory habits, it is difficult to say. It is 
vary probable that tiidr remains may haive been devoured 
by the myriads of small crustaceous animals inhabiting fresh 
water. Whatever may be t^e cause, it is certain, that their 
skeletons, either separated or entire, are rarely to be found, 
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«ven in pbees where figh were kiu»vii to hscwm fbnierlf 
abounded. 

Professor Agassk, afiler great researdi and patient niTes- 
ti^ticm, lias come to the c(»ieliifflon ^t fisbes may be 
classed from the characters of their scales. So great is titti 
distinguished naturalist's kno^wledge of the eompttrative 
anatcofty of fishes, that he is reported to have announced 
QQt only the genus, hut even the species^ of an individual, 
liofn the exanwQatiQn of a single scale. TMs mode of 
elassificatton m pecuUazly adapted to the fishes of the coal 
foiHUididon,. ma&y of whose scates, tlikkly coated with eoa^- 
mel, nanain, when all the rest of the skeleton has entively 
disappeared. 

The fc^wing are the new orders into whieh Agassiz 
divides his class of fishes (as, taken from Dr. Bucklamd's 
Bridgewater Treatise, vol. I. p. 269). 

First order. Placoidians (from rrka^y a broad plate). 
Fishes of this order are characterised by having their skin 
covered iiaeegularly with phtes of enamel,, often of consider- 
able djiaendions^. aad sometknes rediaced to small pcnints, 
like the shagreen on the skio^ of mscny sharks, and the 
priddy toothJike tubescles on the skin& of rays» It eom- 
prehends all die cartila^enous fishes of Cuvier,. excqjitisig 
the stui^eon. 

Second ovder. Ganoidians ((yav«9y splendour)^ The 
fiumlies of this oides are chasacteidsed: by angular scales, 
composed of horny or bony plates^ centered with a thick 
coating of enamel. The bony pike (Lepid&steus osseus} 
and stiirgeon are of this order. It contains mooe than »xty 
genera, of which iSSf are extinct. 

Third c»*der. Ctenoidians (xrecs, a eomb)i Families of 
this order have their scales toothed on their posterior mar- 
gin. They are composed of laminae of bone, but have no 
enamel. The scales of the perch are a familiar example. 

Fourth order. Cycloidians {jcvKkot^ a circle). Families 
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of this order have their scales smooth and simple at their 
margin, and often ornamented with various figures on the 
upper surface. These scales are composed of laminse of 
horn or bone, but have no enamel. The herring and 
salmon are examples. 

I have described the characters of all the four orders for 
the purpose of shewing M. Agassiz's system of classifica- 
tion. The two first, namely, the Plticoidians and the 
GanoidianSf are the only ones which relate to the Fossil 
Fishes of the coal measures ; the latter never having been 
found, according to Agassiz, below the chalk formation. 
Mr. Strickland and some other geologists assert that they 
have found the remains of Cycloidians in the Lias.* If 
this be true, probably their absence in the coal measures is 
owing to the perishable nature of their scales, rather than 
their non-existence during the period those strata were 
formed. 

LOCALITIES OF FOSSIL FISHES IN LANCASHIRE. 

The remains of fishes in our coal measures are chiefly of 
the Ganoid order. Detached scales and fragments, and, 
more rarely, entire specimens, are found, fi-om the lowest 
workable mines in the series up to the Ardwick Limestones, 
now generally considered to be the highest portion of the 
coal measures. The strata in which they generally occur, 
are highly bituminous schists, provincially known by the 
name of ^^Black Basses^" and in the various beds of 
cannel. This probably is the reason why the remains 
so long escaped the attention of collectors, since being in 
search of fossil plants of which these beds are for the most 
part destitute, they consequently have not examined them 
with so much care as the light coloured binds, which are 

* Since ibis Paper was read, I believe tbat Mr. Strickland, witb tbe 
bonest candour of an ardent investigator of tnitb, bas admitted tbat be was 
mistaken. 
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remarkable for the number and beauty of the plants that 
they contain. I myself have found teeth, and scales (pro- 
bably belonging to the genus Diphpterus) in the black 
shales, above the small coals lying immediately above 
the Upper Millstone Grit cut through in forming the tun- 
nel of the Manchester and Leeds Railway, at Summit, 
near Littleborough, mixed with remains of the Pecten 
papyraceusy and Goniatites Listeriy shells generally con- 
sidered to have belonged to creatures formerly inhabiting 
the ocean. Mr. William Peace of Haigh, near Wigan, 
has collected splendid spedmens of the genera Megalicthys, 
Holoptychiusy DiplopteruSj Ctenoptychius^ and large dor- 
sal ray 8^ from the cannel mines of the Earl of Balcarres at 
Haigh, all in a most beautiful state of preservation, being 
converted into brilliant iron pyrites. Mr. Williamson, in 
papers read at the meetmg of the British Association at 
Liverpool, and before the Geological Society of London, has 
described specimens of the PaloBoniscus, HoloptychiuSy and 
other genera, from the bituminous schists of the Black and 
Yfiajae Mine at Peel, and others from the Bradford coal 
field, and the Ardwick Limestones; and I may here men- 
tion, that Mr. Francis Looney, F.G.S., many years ago, 
noticed the remains of fishes in the two last named locali- 
ties. The specimens I have collected are from the Pendle- 
ton coal field, a district that has not been examined by any 
of the above named gentlemen, although it affords the most 
entire remains that have as yet been discovered in this 
county. It is to this locality that I shall confine my obser- 
vations on the present occasion. 

They will be comprised under the following heads, 
namely, a slight description of the Pendleton coal field, a 
notice of the place where the fossils occur in the mine; 
an enumeration of the genera, the state and condition in 
which they are found, and conclude with some- remarks 
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on the probable cause of their ooomrenoe in this paitieiilar 
locality. 

DBSCRIFFION OF THE PBNDLBTON COAL FlBLD. 
(Sea Plate I. Fig. S.J 

The portion of the great Lancashire depodt, gtenerally 
known by this name, is the extreme southerly part of die 
wedge*shaped mass, commaicing at a point near Whit 
Hall, Pendleton, and gradually extending in widths until 
it jmns the main deposit at a little to the north-west of 
Giants' Seat, near Ringley. On its strike it runs to Bury 
Lane and Worsley. Both on its rise and dip, and south 
strike, it is surrounded by members of the New Red Sand» 
stoue formation. Its northr*westera boundary, the great 
Irwell fiuilt, estimated by some to be a down throw of 
near one thousand yards, runs about thirty degrees west 
€S north. This findt can never probably be truly estU 
mated, at Pendleton, without driving througli it at the 
new works of the Pendleton Coal Company, and ascer* 
taining what the measures are on the other side; an 
undertaking of great danger, owing to the uncertatn nattu^ 
of the ground. At Clammerelough, near Ringley, the 
thin bed of coal worked by Mr. Doming is nearly on a 
level with Ellanis mine, therefore, if the latter coal is 
identieal with the Four Feet at Worsley, the depth <rf the 
faidt is there about seven hundred and fifty yards, that 
being somewhere about the estimated distance between the 
two mines. 

The general dip of the measures at Pendleton is at; an 
angle of about eighteen degrees, to the south^outhuwest. 
The only seams worked in this neighbourhood, until fhi^ 
conunencement of the new works of the Pendleton Coal 
Company, were the Yard and Four Feet mines. WhetbM 
thesi^ beds, as is generally supposed, are the same as the 
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CharhUe^ and Four Feet mines of Bradford, has never 
been e(»rreotly eseertained; their eontinuity caa nerer be 
proved, owing to the great fitults which separate the two 
fields, and the only ground for the oonelusion, is the great 
resanblanee of the two Four Feet mines. The following 
is a section of the measures at the Old Engine Pit at Age- 
oroft Colliery, kindly furnished me by James Knowks, 
Esq. :— 

yds. ft. in. 

Soil, Sand, Clay, and Soft Metal 15 2 

Rock 11 2 

White Earth 1 2 

Coal 1 1 

Chitter , 1 2 

Rock ,., , 34 

Blue Leys , , 5 2 

White Earth.. 1 2 

lion Band 3 

Rock Warrant .,., 3 

Rock Bands 3 

Rock 3 

Blue Leys ,...^ 5 

Iron Bands 3 

Black Stone 5 

Rock 2 

Blue Leys 2 

Black Bands 6 

Rock 2 6 

Warrant Earth w 2 

Rock Warrant 2 

Blue Leys 1 2 

White Earth 3 10 

Bladt Bass 1 

White Earth 1 2 

Coal 6 
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yds. ft. in. 

Warrant Earth 2 2 

Rock 2 6 

Blue Leys 10 

Rock 2 

Blue Leys 5 2 6 

Black Bass 1 

White Earth 1 

Black Bass., : 1 3 

Coal 1 2 

Total ...116 1 11 

The sinkings at Mr. Fitzgerald's old shafts, which are 
considerably deeper than those at Mr. Knowles', have not 
been preserved, but from their proximity to those of the 
last named gentleman (being only about three hundred 
yards to the south), they are probably in a great mear 
sure the same, with the exception of the roof. At the 
former mine, instead of the bass roof, there is one of fire 
clay; but a comparison of the two will best shew the 
difierence. 

Mr. Knowles'. 

yds. ft. hi. 

Blue Leys 5 2 6 

Black Bass 1 

White Earth 1 

Black Bass 1 3 

Coal 1 2 2 

Clay Floor. 

Mr. Fitzgerald's. 

yds. ft. in. 

Blue Leys 7 1 

Black Bass 1 

Very Black Bass 8 

Ironstone 2 

Impure Cannel • 3 
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yds. ft. in. 

Cap Coal 10 

Fire Clay 1 4 

Coal I 1 

Clay Floor, 

In Mr. KnowW mine the fire clay on the top of the 
main coal is scarcely perceptible, but as the measures pro- 
ceed to the south, through the workings in Mr. Fitzgerald's 
mine, it gradually increases, until at the extreme boundary 
of the last named mine it reaches a yard in thickness. 

Both the. fire clay and the floor of the Four Feet coal 
are full of the Stigmaria^<?02(2?6«. 

Very few remains of fishes are to be found in the bitu- 
minous schists of Mr. Knowles' mines ; and what do occur, 
are detached scales and bones» None of the specimens 
have ever been found in the main coal, fire clay, or cap 
coal ; but they occur in the impure cannel, the Black Bass, 
or the Ironstone band, most plentifully in the lower portion 
of the Black Bass. However, this bed does not yield them 
for any great thickness, probably not more than eight or ten 
inches above the Ironstone. Immediately after the fishes 
cease to be found, in the higher part of the Bass, numbers 
of an undescribed shell, resembling an Avicula (by some 
gentlemen supposed to be an UniOf see plate V., fig. 23) 
occur, but they are rarely, if ever, met with together. As 
soon as these bivalve shells make their appearance, not 
only do the remains of fishes cease, but the basses become 
less bituminous. Where Coprolites abound the remains of 
fishes are scarce. No traces of Cypris^ or Microconchus^ 
have as yet been met with, although they are found, in 
great abundance, higher up in the measures, about twenty 
yards, as proved in the recent shaft sinkings at Mr. 
Knowles' new pit. 

The place in the mine where the fossils were found is in 
the lower part, at a depth of about three hundred yards 
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under the Valley of the Irwell. However, they are not 
confined to this part alone, having been also found in the 
rise portion of the mine. 

None of the specimens contain any of their original car- 
bonates, and phosphates of lime, or other original parts, 
these having been entirely removed, and a cast of them in 
bright bituminous schist substituted. The parts which 
consisted of enamel, such as the outside of the teeth, 
spines, and scales, usually present a much brighter ap- 
pearance than the bony parts of jaws, &c. That these 
parts did consist of such matter is clearly proved by the 
fossils occurring in the Ardwick Limestones, where the 
original phosphate of lime remains in the specimens. The 
remains of the fishes consist principally of the Ganoid 
order, and of the genera Holoptychius^ PlatysomuSy 
PahBoniscuSy Ccelacanthus (nearly entire spedmens of all 
of which I have obtained), Megalicthys^ and Diplopterus. 
Those belonging to the Placoid order, are the Cryracafir 
thuSf Ctenodus (?), CtenoptychiuSj and Diplodus* 

It is not my intention to give a full description of the 
various genera and spedes, but merely to do littie more 
than enumerate them. All my specimens of value are in 
Professor Agassiz's possession, and will be described by that 
celebrated ichthyologist in his great work ^^Recherches 
sur les Poissons Fossiles" 

ME6ALICTHTS. 

The remains of this extraordinary genus of sauroid fish 
are not very common in the Pendleton coal field, although 
found in abundance in the Ardwick Limestones, and Brad- 
ford coal measures, in the ascending, and the cannel of 
Wigan, in the descending series of the carboniferous strata. 



* For the drawings to accompany this paper I am indebted to the kind- 
nest of Captain Thomas Brown, F.L.S., M.W.S. 
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Detached «cales, and a large tooth exceeding an inch in 
leagth, obtained by myself, and several teeth found by Mr. 
Ray, are the only specuUens that have been met with in 
this locality. They all belong to the species i(f. Hibbertu 
From the interest excited in the geological world by the 
discoveries of Dr. Hibbett, at Burdiehouse, who considered 
the remains of this creature to belong to a saurian, until 
Professor Agassiz corrected the mistake, I shall give a 
a short description of the fish as fetr as its. detached scales 
and fragments yet found will allow. The best specimens 
that have hitherto been discovered in England, are those of 
the heads and scales in the Museum of the Leeds Philoso- 
phical Society, and the collection of Mr. William Peace. 
The head is broad and large, and has more the appearance 
of a saurian than a fish ; it is covered with strong plates of 
bone coated with enamel and thickly overspread with small 
punctures; the jaws are short, smooth, and flat, and the 
teeth, which are of several sizes, all of a sharp conical figure, 
slightly curved, fluted at the base, but plain at the top. 
Dr. Buckland, at page 44 of vol. 2 of his Bridgewater 
Treatise, states ^^that in the Megalicthys and Holopty- 
chius, the structure of the teeth, large and small, was pre- 
cisely the same as in the large and small teeth of the 
Lepidosteus osseus, both as to the hollow internal cavities 
and the external flutings towards the bas<i, and also as to 
their mode of growth by ascent of fibrous matter froin the 
bony substance of the jaws,' and noi from roots placed in 
deep alveoli, as in many saurians." Plate V., figsi 1 and 2, 
represents the exterior and interior sur&ce of the jaw of a 
very yoiing individual found in the Dierbyshire coal field. 
Plate v., fig. 3, represents the upper part of a tooth of the 
M. Hibbertij from St. George's Colliery, Bradford, the 
lower part shewing the flutes having been broken off. 

The scales vary much in shape, those firom the back of 
the fish being nearly circular, while others on the sides and 
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under parts of the fish are angular, nearly approaching 
to rhomboids; both, however, have their posterior edges 
marked by a deep furrow, and their surfiwe covered by a 
strong coat of enamel, thickly punctured with small orifices. 
(See plate V., fig, 4,) The under side of ike scales presents 
a slightly convex surface with a ridge, which seems to have 
attached them to the body of the fish, as in plate V., fig. 5. 
The scales overlapped each other like the plates in old scale 
armour. The position and number of the fins have not yet 
been fully determined. In a paper read by Dr. Hibbert, 
at the Royal Society of Edinburgh, in 1835 (see Jameson's 
Edinburgh New Philosphical Journal. Page 383, vol. 18.), 
is the following extract from the M. Agassiz's communi- 
cation to that gentleman : — " With regard to the alleged 
saurian remains M. Agassiz was induced to consider them 
sauroid, and assigns them to a large sauroid fish akin to 
the extant Lepidosteus. In the form of its teetb^ and in 
the very near resemblance of its scales to those of a reptile, 
the Lepidosteus agrees with the crocodilean families. Nor 
does this general correspondence fail even with regard to 
the internal structure of the animal. Agassiz has described 
the result of an investigation of the swimming bladder of a 
specimen of the Lepidosteus spatula^ preserved in spirits, 
from the dissection of which he was enabled to demonstrate, 
not only that it is a real lung, but even that it approaches 
tdosely to the structure of the lungs of reptiles, having cha- 
racters in common with the lungs of salamanders, and of 
the reptiles improperly called doubtful reptiles. The lung 
or swinuning bladder of the Lepidosteus is not only cellular 
but has also a trachea which extends the whole length of 
its anterior surface and communicates with a glottis sur- 
rounded by ligaments, intended to open and shut it, con- 
stituting an apparatus more complete than that of many 
reptiles. M. Agassiz also adds that the heart had not the 
appearance of that of a common fish ; it is destitute of the 
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inflation named bulbus aorticus, so characteristic of fish, 
and hence has much more the appearance of a reptile." 

" With this fish, in its well marked external characters, 
M. Agassiz has compared the sauroid relicts discovered 
at Burdiehouse, and in this enquiry he has been assisted 
by an entire head of a large fossil fish preserved in the 
Museum at Leeds. From the aid thus derived he has 
been enabled to establish a new genus under the hame of 
Megalicthys." 

HOLOPTYCHIUS. 

This fish occurs in great abundance at Pendleton, and 
several entire specimens have been discovered of individu- 
als, from four to six inches in length, while detached scales, 
and enormous jaws, attest the former existence of individu- 
als ten and twelve feet long. Its whole figure resembles 
that of a true fish more than that of the Megalicthys. The 
head appears to have been more elongated, covered with 
strong bony plates, and coated with enamel, but apparently 
not so thick as those of the last-named fish, and the gill 
covers are much better defined. The jaws are very strong 
and powerful, and their outsides present a very rugged sur- 
h/QQ when compared with those of the Megalicthys. The 
teeth are inserted into the jaw bones in the same manner 
as those of the Megalicthys, and consist of finely striated, 
sharp, falcated cones of several sizes. Each side of the 
upper jaw contains one large and about twenty-six smaller 
teeth, the former being placed at its anterior extremity. 
Fig. 6, plate V, represents the upper jaw of the small one, 
which is a new species. The sides of the lower jaw con- 
tain six large teeth and about twenty smaller ones in each. 
Figs. 7 and 7a, plate V, represent the teeth of the Holop- 
tychius sauroides. 

The scales consist of strong bony plates, arranged in 
concentric folds, and have their external surface coated with 
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enamel; a fine fringe edges the lower part of the scale, 
which portion is also deeper and more irregularly punctured 
than those of the Megalicthys. Their shape varies much, 
those on the back being nearly circular, others on the sides 
(many of which display the mucous duct, as in fig. 10) 
cordate, and those on other portions elongated and irregular 
ovals. (See plate V. figs. 8 and 9.) The opercular and 
other scales when first exposed to light have an iridescence 
similar to that of the scales of some recent fishes, but on 
exposure to the atmosphere it soon disappears. They 
appear to have had pectoral and dorsal fins, which my 
specimens unfortunately do not distinctly shew : the ventral 
fins are placed considerably behind, and have a strong spiny 
ray coated with enamel in the fore part of each ; the rays 
in these fins are fifteen in number: the two anal fins are 
destitute of spines, and are placed very near the caudal: 
this latter fin has the vertebral colunm prolonged, at its 
extremity, into a single lobe, which reaches to the upper 
extremity of the fin, a character so common to the fish 
found in the ancient strata, and Uke that of the sharks and 
sturgeons of the present day. 

PALiEONISCUS. 

Specimens of this genus, named the Palseoniscus Eger- 
toni^ by Professor Agassiz, are found in the Pendleton coal 
field; but they are not common. The best hitherto met 
with is one which shews all the bones of the head and the 
various shaped scales, having rough tesselated outer sur- 
faces, some nearly rhomboids, and others acute angles. 
Fig. 11, plate V, represents the under side of one of the 
scales from the middle of the body, and fig. 11a the same 
side of one of the scales from near the tsdl. These display 
the beautiful manner in which the tooth of the one fitted 
into the notch of the other ; but all the vertebrse and fins 
are wanting. Another specimen in my possession shews 
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the tail to be forked, having the vertebrae prolonged into 
the upper lobe, as well as the two ventral fins, fringed with 
small rays, placed nearly opposite the dorsal. The jaws 
are carved and deep, being armed with sharp conical teeth 
of a nearly uniform size, inclining from the front. (See 
plate V. fig. 12.) 

DIPLOPTERUS. 

Scales and jaws of a fish of this genus are sometimes 
found. The former very much resemble those of the 
Megalicihys^ except being smaller and having a plain out- 
side sur£aice without any groove. The latter is long and 
tapering, and armed with sharp teeth. (See plate V. fig. 

PLATTSOMUS. 

A fish of this extraordinary genus, nearly entire, two 
inches and a quarter long and one inch and three-quarters 
broad, as well as a larger one, were both found by myself. 
It appears to have been a flat fish, somewhat resembling 
the Flounder in figure. The head is small, and its jaws 
are armed with small curved, conical teeth, set very closely 
together. The opercular scales and branchiostegous rays 
are well developed, and are not imlike those of the above- 
named fish. The scales are very remarkable ; their shape 
being a long narrow oblong, coated with enamel, having 
a ridge running near the edge of the anterior portion, 
while the end is pointed and fits into the notch of the 
adjoining scale, something in the manner of the PalcBonis- 
cus» (Plate V. fig. 14.) Most of them are four, but 
some are even six times broader than long. The under 
surface of the scale presents a deep furrow below the exter- 
nal ridge. (Plate V. fig. 15.) The fins are not well pre- 

* I am not quite certain as to this jaw being that of the Diplopierua, 
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served in my speciinens, but the dorsal appears to have 
extended nearly to the caudal. This last appears to be, 
more symmetrical than that of the Holoptychitts^ still the 
vertebrse are prolonged into the upper lobe. The ventral 
is only slightly shewn. From the scales and other charac- 
ters of the fish, it is probable that it lived at the bottom of 
the water. 

CiELACANTHUS. 

Two entire specimens of fishes of this genus have been 
found. The largest is five inches, and the smaller about 
two inches long. The head is large, and the operculum is 
covered with raised dots, lAo traces of the jaw have been 
clearly recognised. The scales are difficult to distinguish, 
but some appear to be nearly cordate, while others are 
more angular, as in plate V, fig. 16. Both, however, are 
coated with enamel, and have their exterior covered with 
sUghtly waved lines. The dorsal fin is large, and extends 
from the middle of the fish to the caudal ; it is armed with 
many sharp curved spines. The pectorals and ventrals are 
large and strong, and, as well as the caudal, are furnished 
with rays. 

GTRACANTHUS. 

Large bony rays of a fish of this genus are found 
detached. The fragment in my possession, three inches 
long and one inch in diameter, is probably the Gyracanthus 
formosus of Agassiz. The generic characters, according 
to this distinguished naturalist, consist in the disposition of 
the oblique corrugations which emboss the sur&ce. These 
are ridges and deep furrows passing down in an oblique 
direction from the middle of the anterior sur&ce of the ray 
towards the hinder extremity, and abut against the sides of 
the posterior medial line with their longitudinal furrows. 
This fish belongs to the Placoidian order, and to the family 



Digitized by 



Google 



of the Pendleton Coal Field. 169 

Cestraciontes, so named from their approach to the Ces- 
tracton of New Holland. The rays were attached to the 
dorsal fin. The fish being of a cartilaginous character, all 
its bones seem to have perished, and therefore little is 
known of its structure. 

DIPLODUS OJBBOSUS. 

Detached teeth are found in this locality. They have 
three prongs of irregular sizes, springing firom a solid oval 
base of bone, those on the outer sides being the largest, and 
the central one much smaller, all thickly coated with ena- 
mel. (Plate V. figs. 17 and 18.) From the shape of the 
base, in which two orifices for the insertion of blood vessels 
appear, most probably they were inserted into cartilage. 

CTBNOPTYCHIUS. 

Detached teeth of this genus occur at Pendleton. Like 
those last described, they, no doubt, belonged to a cartila- 
ginous fish. They consist of solid pieces of bone, coated 
with enamel, having their edges toothed like a comb. Fig. 
19, plate V, represents the apicalisj figs. 20 and 21 the 
pectinatuSi and fig. 22 a new species. 

CTBNODUS (?). 
A palate with a rough triturating surfeu^ is found, but 
whether it belongs to this genus it is difficult to say. Spe- 
cimens of the four last described genera are rare at 
Pendleton when compared with the number found at 
Ardwick and Bradford, but they generally are met with 
near together. Whether they have belonged to one fish, 
or to different individuals, it is difficult to say; but, on 
comparing the three teeth with those of the Anarrhichas 
luptuff or wolf fish, it does not seem impossible, as the three 
kinds of teeth of that fish are fully as different in their cha- 
racters as these. 



Digitized by 



Google 



170 Mr. Binney an the Fossil Fishes 

The condition of the fishes (many of which, especially 
those in the deposit of very black Bass, are perfectly entire, 
with their fins extended and not a scale displaced, except 
firom the pressure which the bodies have beai subjected to, 
firom the oyerl3ring strata, when in a soft state,) seems to 
prove that they died on or near the places where they are 
now found, and that they have not been brought from a 
great distance. 

The total absence of moUusca^ and Crustacea^ in the 
strata where the specimens are found, appears to indicate, 
that the water from which they were deposited was not 
much fitted for animal life, as both shales, above and below 
the schist where the fossils occur, te^n with remains of 
a Cypris and Microconchus. Wherever these latter occur 
no entire fishes are to be met with, they having doubt- 
less consumed all the edible portions, and scattered the 
scales and bones. The analysis of the shale shews that the 
water in which it was deposited was probably of such a 
deleterious character, from the quantity of decayed vegeta^ 
ble matter it contained, as to prevent the existence of fishes ' 
mollusca or Crustacea* 

The bodies of fishes, after death, float or sink, according 
to their specific gravities, the causes of their dissolution, 
and the density of the fluids in which they are immersed; 
those that have been killed by amd poisons, and have had 
their intestines inflamed, nearly always immediately float 

* The following is an analysb of the very black bass, made by Mr. John 
Dale, chemist, of Manchester. * 

Bituminous Matter 16 per cent. 

Oxide of Iron 3 „ 

Sili^ 18 „ 

Alumina 59 „ 

Water and Loss 4 ,, 

A trace of Oxide of Manganese. 

100 
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on the water. In my own experiments, I have found that 
one of the conmaon gold fish (Cyprihus auratus, Linn.), 
living in clear spring water, afiter dying a natural death, 
sunk to the bottom and remained there about ten hours, the 
temperature being 60 degrees Farenheit ; at the expiration 
of that time it rose to the surfieu^ and floated. Specimens 
of the commoh rough tailed stickleback (Gasterosteus tra^ 
churuSf Cuv.), that died from want of food, at a temperature 
of 50 degrees Farenheit, also sunk to the bottom and 
remained there, while individuals of the same species, at the 
like temperature, on being immersed in tan liquor, died in 
ten minutes, and floated on the surface; these, however, 
upon being transferred into fi^h water, sunk and remained 
at the bottom. From my experience of the influx of water 
highly charged with decomposed vegetable matter into 
streams abounding with fishes, as in the case of the draining 
of peat bogs into sluices of fresh water, in our climate, I 
am led to Relieve that the individuals thus destroyed, afiter 
remaining at die bottom a few hours, have their bulk 
' distended by the generation of g^ases, produced during de- 
composition, and (not having been covered with a thick 
deposit of sljme or mud, thrown down from the waters, so 
as to prevent their rising,) float on the surface until the 
gases escape. The parts soon afterwards separate, and the 
scales and bones then descend to the bottom, according to 
their relative specific gravities. The finny tribes generally 
abandon the streams so contaminated as fast as possible. I 
have known places in the low lands of Lincolnshire, adjoin- 
ing the banks of the river Trent, formerly abounding with 
fish, suddenly become destitute of them from this cause. 
Indeed, the instinct of self-preservation, so generally ex- 
hibited by fish, convinces us, that they would desert such 
places as soon as practicable. In addition to this, the 
bottoms of recent fresh water pools give us no evidence of 
the deaths or entombment of entire fishes, in the ordinary 
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course of nature. The irruptdon of the sea into fresh water 
lakes causes great destruction of fish, as also does the 
sudden bursting of peat b<^. On the elevation of the 
bed of the ocean by submarine volcanoes, as in the case of 
Graham's Island in the Mediterranean Sea, where it was 
stated that vast numbers of fishes were destroyed, and many 
of them probably buried in the mud thrown down from the 
turbid waters, a like effect would be produced,* but these 
effects arise firom sudden catastrophes and extraordinary 
causes. 

Under these circumstances, it is not unreasonable to 
conclude, that the fishes, in the shales alluded to in this 
Paper, were quickly destroyed by some sudden catastrophe, 
without having a chance of escape; for we can scarcely 
imagme that they would willingly enter, or even remain, in 
such a poisonous fluid as it is probable the water was in 
which the shales were deposited. It also appears probable, 
from the state of preservation in which the fishes are found, 
that they sunk to the bottom on their death, and were 
speedily covered by the black mud now forming the Bass, * 
which prevented their rising to the surface, as they other- 
wise would have done. 

As to the nature of the water in which the shale was 
deposited. The remains of the Megalicthys^ which Pro- 
fessor Agassiz considers as allied to the recent LepidosteuSy 
a decided fresh water fish, seems to militate against the fistct 
of their having been deposited in salt water, whilst the 
PlatysomuSf Palteoniscus,^ and the remains of Cestror 

* At some of the recent explosions conducted by Col. Pasley for remov- 
ing the wreck of the Royal George, near Spithead, numbers of fishes were 
destroyed. 

f The genera Palaoniscus and Platysomtis (and probably the Calacan- 
thus) have both been found in the Marl slate, one of the lower deposits of 
the New Bed Sandstone formation at Midderidge and East Thickley, on 
cutting the Stockton Railway. (Vide Professor Sedgwick's Paper on the 
Magnesian Limestone. Geological Transactions. Second Series. Vol. 
III. p. 77. 
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cionteSf and other fish allied to those now generally found 
in the sea, seem to indicate a marine origin ; but from the 
evidence of the organic remains, it is most probable that 
they were the inhabitants of salt water. I believe it is the 
opinion of Professor Agassiz that the strata forming our 
coal measures were all deposited from materials suspended 
in. salt water, notwithstanding the general opinion that the 
Unio acutMS and the Cypris were clearly indicative of a 
fresh water origin. 

According to the opinions of Dr. Lindley, Mr. Bowman, 
and other eminent botanists, the Fossil Flora of our coal 
fields clearly indicate that the plants grew in a climate, at 
least fully equal to that at present existing within the 
tropics, and on land near to, or adjoining the ocean. Ac- 
cordingly, we must look to operations which are now going 
forward in tracts of low land, covered with rich vegetation, 
within the torrid zone, for the formation of strata resembling 
those in which the fishes occur. Now, Mr. Hawkshaw, 
F.6.S., a member of this Society, in his work entitled 
^^Reminiscences of South America," at p. 194, speaking of 
Venezuela near the coast, states ^^that in those parts of the 
country that are perfectly cleared, drainage is of less con- 
sequence, the sun is ardent, and water is soon dried up by 
evaporation; but in the wooded districts it is otherwise. 
The rain that descends in the wet season, collects in all the 
hollow places, and as the sun's rays cannot get at it through 
the foliage above, there it remains ; these places are called 
Lagoons. After some time they stagnate, and become 
foul, fi*om the decomposition of the vegetation that falls 
into them; but if the next rainy season follows at the time 
expected, they are replenished with fresh water, and are, in 
fact, washed out, as the abundance of rain forces their con- 
tents to the rivers, and thence to the sea; but should it 
happen, as it did in the great sickness I allude to, that the 
rainy season does not follow at all, and the dry weather be 
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extended to three times its usual length, then these poods 
become a thrice concentrated essence of malaria and infect 
tion, acquiring a colour almost as black as ink, from the 
constant rotting of the vegetable matter that fiiUs into 
them. * * * About the termination of the long period 
of dry weather I am speaking of, I had occasion, just after 
the commencement of the heavy rains, to ride about thirty 
miles along the coast. The several rivers that I crossed 
were pouring out black and fetid water into the sea, and 
darkening the colour of the ocean fpr a considerable dis- 
tance around their mouths ; and the stench was such as to 
make it exceedingly unpleasant in crossing thm, so much 
so that I was obliged to dash through them, by riding 
partly into the sea, and then to gallop away from them as 
from a pestilence. These rivers continued to pour out 
water of this kind for about a fortnight before their waters 
resumed the usual colour of the freshes." Here we have 
the formation of bituminous schists going oh on a small 
scale, and in a way perfectly in accordance with the views 
of those geologists who advocate the hypothesis, that the 
vegetable matter forming our beds of coal was drifted from 
adjoining lands into a neighbouring estuary, as well as 
others, who suppose that it grew on the places where it is 
at present found. 

It is not my intention in the present Paper to ^o at 
length into the respective merits of these hypotheses, the 
latter of which has been so frdly and ably maintained by 
my friend Mr. Bowman, but merely to allude to them as 
connected with the remains of the Fossil Fishes at present 
under notice. In the first case, we must suppose that the 
inhabitants of the neighbouring watiers into which the fetid 
waters flowed, either did not, or could not escape their 
poisonous effects. I am not aware that Mr. Hawkshaw 
noticed the destruction of any fishes in the vicinity above 
alluded to, but from testimony afforded me by old fisher- 



Digitized by 



Google 



ofths Pendleton Coal Field. 175 

men on the banks of the Trent and Ouse, I am led to 
condude that some fish, especially sahnon, very soon desert 
rivers on the water becoming tainted with decayed vege^ 
table matter. In these rivers, the drainage of the peaty 
bogs of the Counties of Lincoln and York has caused a 
great influx of impure water, and induced the fish to 
desert their former haunts for others in which the waters 
have not been so contaminated. Indeed, the streams in the 
neighbourhood of Manchester, . according to the evidence 
of old people, formerly contfdned both salmon and trout, 
which, have now deserted them, owing to the influx of the 
impure waters from the numerous dye works and other 
manu&cturing establishments on their banks. Both these 
instances seem to prove what we should naturally expect, 
namely, that the fish deserted the water on its becoming 
foul. It must also be remembered that no remains of fishes 
have as yet been discovered in the Four Feet or the Cap 
Coalf where we have every reason to believe that they 
would have been preserved as well as in the beds of 
Cannel. 

On &e other hand, assuming that the vegetable matter, 
forming our coals, grew on the places where it is now found, 
we must admit that it was submerged beneath the adjoining 
waters by one of those subsidences of the land which the 
whole coal field proves to have been of frequent occurrence 
during its formation. From the Carboniferous Limestone 
to the highest coal measures the remains of numerous 
Conchifera and Molltisca clearly shew, that the creatures 
formerly inhabiting them could not have existed in the 
great depths of water, under the pressure to which they 
must have been exposed, had the level of the bottom been 
permanent, a depth fully equal to one thousand &thoms. 

We have always been accustomed to consider our earth 
the type of solidity, and firmness, and are therefore un- 
willing to allow of former changes of the level of land and 
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water. In addition to the numerous proo& of the rising of 
land which may be adduced in the old world; the whole 
continent of South America, (according to the observations 
of the distinguished naturalist Mr. Charles Darwin,) wilji- 
ID, comparatiyely speaking, a recent geological epoch, has 
been nosed from the bed of the ocean ; and that the forces 
uplifiting it have remained quiescent for long periods of 
time, and then again come into action, as the numerous 
terraces, through the plains of Patagonia, suffidently 
attest.* The same author (at p. 590) shews that KeeU 
ing^s Island is gradually subsiding ; and that a great belt 
of surface, four thousand miles long and six hundred miles 
broad, in the South Sea, including the Georgian Archie- 
pelago, is sinking (p. 563). Consequently it is not un^- 
philosophical to assume, from the effects we now see being 
produced, that such subsidences once took place on the 
surface of our globe during the formation of the coal fields. 
If, therefore, a large tract of tropical forest, similar to that 
mentioned by Mr. Hawkshaw, containing lagoons of water, 
highly charged with bituminous matter, were quickly sul>- 
merged beneath the level of the surrounding waters, a 
sudden and rapid rush of them would necessarily take 
place, carrying all the finny inhabitants into the space 
formerly dry land clothed with rich and luxuriant vege- 
tation, or covered by poisonous lagoons; and here we 
should have the fishes involuntarily carried into noxious 
waters, like those in which the basses were formed, without 
any chance of saving themselves by flight ; many of these 
would, on death, sink to the bottom, and soon be buried in 
the black mud deposited from the turbid waters; we should 
probably also have both firesh water and marine fishes mixed 
together in one common destruction; and, lastly, we should 



* See Narrative of the Surveying Voyages of Her Majesty's ships Adven^ 
ture and BeagUy vol. Ill, p. 204. 
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fully account for the absence of the remains in the cwU 
itself. 

As before stated, the Fossil Fishes in the Lancashire 
coal field have as yet been discovered only in the beds (^ 
cannel, x>r highly bituminous schists. These deposits are 
of rare occurrence, and very small amount, when compared 
with the great thickness of the shales and sandstones, or 
even coals, which constitute the great mass of the strata* 
The shales and sandstones all clearly shew that they were 
deposited by water, just in a similar manner to what we 
now see taking place in our own seas and lakes* In the 
waters firom which the shales were deposited, like the 
waters of the present day, lived races of the PecteUf Go^ 
niatitesy Uhioj &c., whose shells, like those of the recent 
Anodon, are preserved, but these shales, as in our recent 
deposits, are destitute of the remains of fishes ; not, pro- 
bably, because fishes did not exist in the waters, but be^ 
cause their remains have not been preserved. Accordingly 
it is £Edr to presume that the destruction and subsequent 
entombment of fishes in the ancient waters was not in the 
ordinary course of nature, but effected by some extraor- 
dinary convulsions of the earth's suj&ce, which occurred 
after long periods of repose. 

Under all circumstances it appears to me that the sub- 
siding hypothesis for the formation of coal, although not 
free from objection, will account for the occurrence of the 
Fossil Fishes in the places where they now are found, better 
than the drifting and permanent level view of the origin of 
coal. If I am correct in this view, the area upon which 
the Lancashire coal field (and probably others) was formed 
once constituted the mouth of some great river, a delta 
(resembling that of the Niger, as described in Messrs. 
Lander's Journal, vol. III. p. 226,) which has been sub- 
jected to numerous subsidences, as indicated by the present 
seams of coaL That the clay now foi^ning the floor of the 

N 
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Four Feet coal was once a fertile sedimentary deposit, the 
detritus of some ancient continent, carried down by a tran- 
quil flow of water which silted up the bay, whe^e it was 
deposited until the Stigmaria grew on its rich mud like the 
mangrove of the present tropical seas in the Brass country; 
that this and other aquatic plants, the luxuriant growth of 
years, furnished the mass of vegetable matter now consti- 
tuting the Four Feet seam of coal ; then, by one of those 
subsidences before alluded to, it was submerged to the 
depth of a few feet beneath water. On its becoming fixed 
the bed of fire clay was deposited on which these plants 
again flourished, and yielded vegetable matter sufficient to 
form the Cap coal and stagnant lagoons of poisonous water 
highly charged with carbonaceous matter. Afterwards, 
that a rapid subsidence took place to the depth of about 
forty feet, which caused the waters of the adjoining sea 
(hurrying on to destruction its finny inhabitants) to rush 
over the vegetable matter, and entomb the fishes in the 
beds of fetid mud now fonning the impure Cannel, Iron- 
stone, and Bass ; that on these last^nentioned strata being 
thrown down to the bottom, the waters became more pure, 
and allowed the existence of the molluscous inhabitants of 
the bivalve shells; then, that in succession the 5 yds. 2 ft. 
6 in. of Blue Leys, the 2 ft. 6 in. of Rock, and the 2 ft. 
2 in. of Rock Warrant (a fine grained admixture of Silica 
and Alumina), were formed; and that the last named 
deposit having reached nearly the sur&ce of the waters, 
the plants now composing the 6 in. bed of coal grew. 
Afterwards, that a great submergence to the depth of near 
two hundred and fourteen feet took place, and all the 
strata up to the Yard coal were successively deposited. 
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ABT. IXv 

On the Economy of raising Water from Coal 
Mines on the Cornish principle. By Mr. 
William Fairbaibn. 

Read 29th October, 1840. 

NoTHiiTG in modem days connected with the various 
operations of Mining, is of more importance than the 
best and most eccmomical mode of clearing the mines of 
water. In this duty the steam engine performs so 
important a party* that the progressive improvement of 
this mighty agent — ^indispensable to the miner — ^must 
be regarded with intense interest. By the geologist 
its improvements will be looked forward to with addi- 
tional pleasure, since by its means he will be enabled to 
explore the earth to a much greater depth, and' to follow 
up his investigations under dreumstances more &voura- 
ble to an accurate examination dF the fossil remains of 
the vegetable and animal kingdoms. During the in£uicy 
of Mining pursuits, wh^n the unexhausted stores of mineral 
wealth lay within the easy reach of man, his operations 
were not much impeded by a superabundant quantity of 
water, but in process of time as the sides of the mountains, 
which rose above the general level of the country, were 
spoOed of their treasures, it became necessary to penetrate 
to considerable depths, in order to obtain, not only the 
necessary supplies, but minerals of greater value. For 
this purpose every means and appliance were employed, to 
dear the mines of water and to enable the workman to 
prosecute his labours-— water, wind, and aninud power were 
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successively brought into operation, but until the introduc- 
tion of the steam engine, it was a hazardous, and frequently 
a fruitless attempt to combat with the water at great depths, 
or to expect a profitable return for the employment of time 
or the investment of capitaL 

In almost every district where mineral treasures are found 
embedded at a great depth in the strata, it becomes neces- 
sary to erect, on the surfieu^, large and powerful engines, 
first to assist in the process of sinking, and afterwards to 
raise the water and keep dry every part of the idne. In 
such cases the use of the steam engine is strikingly exem- 
plified ; particularly at some of the deep coal mines in the 
counties of Durham and Northumberland, where the bot- 
tom of the shaft is, probably, not less than seven hundred 
feet below the level of the sea, and where the miner, in 
sinking, has to contend with innumerable difficulties — some- 
times he has to penetrate and work through soft and porous 
strata, at others, through layers of quick sand of great 
thickness, and so heavily charged with water, as frequently 
to ba£B[e the skill of the ablest engineers. On these occa- 
sions the aid of the steam engine is constantly required, not 
only whilst effecting the excavations, but to assist in securing 
the sides of the shaft, in retaining and supporting the mate- 
rial, and in rendering the whole works perfectly water tight. 
To sink through beds of this description, wher^ the sands 
are in a fluid state, is a work of great difficulty and expense, 
and several thousand pounds are not unfrequently expended 
in sinking to a depth of a single yard. In some situations 
the quantity of water is so great as to require a circular 
casing of solid oak, from ten to twelve inches thick, inserted 
in segments, with their joints securely wedged, and made 
perfectly water tight to a depth of several hundred feet. 
In others, where the miner has to contend with running 
sand, it has been found necessary to case or surround the 
whole interior of the shaft with segments of cast iron, firmly 
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united with bolts, and forming a large cylinder of sixty to 
one hundred feet in depth. In these and similar cases, the 
most powerful hydraulic machines are in constant demand, 
and without their assistance the most useful and most 
valuable portions of the mineral kingdom would remain in 
their hidden recesses, and be lost to mankind. 

Amongst geolQgists it is well known that the internal 
parts of the earth, as far as they hare yet been investigated, 
do not consist of the same uniform stn^tification, but of 
various substances imbedded in laminae extremely different 
from each other as regards either their specific gravity, ap- 
pearance, or chemical proportions. In those beds are found 
innumerable cracks and fissures, which form drains for car- 
rying off the superfluous water from the earth's surface, 
and for rendering it fit for the support of vegetable and 
animal life, they further add to the comforts and enjoyments 
of man, by retaining for his use one of the greatest luxuries 
in life, a constant and never fidling supply of pure water. 
To these may be added the renovating and medidnal pro- 
perties of springs which flow from the different strata of our 
saline and chalybeate deposits. But the retention of water 
is not the only benefit which mankind derives from the 
cracks and fissures in the strata, they are of equal value as 
the great depositories of mineral treasure, and in these 
fissures are found the richest and most important of our 
metallic ores. In Cornwall we have tin and copper, and in 
Derbyshire, Wales, and Northumberland, the deposits of 
lead and silver abound. Although we derive our chief 
supplies of tin, copper, and lead, firom these districts, yet it 
seldom happens that the richest ores are found nearest the 
surface ; they are generally imbedded at great depths, and 
can only be obtained by the application of steam power. 

In some situations the mines are worked by drifts or 
adits, which enter from some valley in the lower sides of 
the mountains, and answer the double purpose of drmning 
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the mine, and ^ctraetii^ the ore. This ean, howerer, be 
accompliBhed only in situations where the ^^ lodes" are 
found in the mountains, and at levels higher than the sur- 
rounding valleys. Under these and similar drcumstanees, 
a number of mines in Cornwall, Derbyshire, and other 
parts, are most advantageously wrought, and by carryii^ 
the adits at a low level the miners are oiabled to extract 
the ores at a moderate expense. Indeed, miners are so fully 
aware of these advantages, that they will sometimes spend 
large sums of money in driving drifts which, occasionally, 
extend to a distance of two miles from the ^itrance. 

In the introduction of this subject I have been induced 
to notice the foregmng facts, in order to illustrate more 
clearly the use and importance of hydraulic machines, and 
to enumerate the more prominent cases where their assist- 
ance is indispensable. From what has been stated, it is 
evident, that the products of our mines, whether consisting 
of coal, copper, lead, or other ores, cannot be extracted, 
without first clearing them of water. The quantity of water 
varies according to circumstances, but it has always been, 
and must continue to be, a desideratum in the working of 
mines, to effect the discharge at the least possible expense, 
and to adopt those improvements which have been effected 
with so much skill in Cornwall. It is for these objects, 
and from a conviction of the inferiority and great inefficiency 
of the hydraulic machines used in the north of England, 
when compared with those employed in the southern coun-* 
ties, that I am desirous of drawing the attention of coal 
proprietors, generally, to the following &cts, confirmatory 
of the great perfection and important saving effected by 
the Cornish system of draining. 

Mr. Taylor, in his Records of Mining, states ^^ that the 
history of mining in this country is intimately connected 
with that of the steam engine, and if we had time to exa- 
mine both we should find that as the mines were the scenes 
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of the early inventions or improvements of this machine, so 
they have not only benefited by it, and in a great measure 
become dependant npon it, but have gone on contributing 
to the latest period towards its perfection and economy." 
In this opinion I perfectly concur; the greatest improve- 
ments in our pumping engines have originated and been 
progressively perfected by persons immediately connected 
with the Cornish mines. The quantity of water to be 
raised, and the high price of coals in these districts, ope- 
rated as a powerful stimulus to improvement, and called 
forth a system of economy in the use of fael, for which the 
Cornish engineers are so deservedly commended. The 
practice of publishing the monthly reports did more, how- 
ever, for the improvement of the steam engine and economy 
of fuel, than any other circumstance connected with the 
history of that important machine. 

The system of recording the performance of the engines, 
was first resorted to in the years 1811 and 1812, and from 
that time to the present die most beneficial effects have 
been the result. 

Doubts have been entertained as to the accuracy of 
measuring the duty* of the Cornish engines, but I am per- 



* A late president of the Royal Society, Davies Gilbert, Esq., on his 
definition of the term duty, says "that the criterion of the efficiency of ordi- 
nary machines is the force multiplied by the space through which it acts, the 
effect which they produce, measured in the same way, has been denominated 
duty; a term first introduced by Mr. Watt in ascertaining the comparative 
merit of steam engines, when he assumed one pound raised one foot high, 
for what has been called in other countries, the dynamic unit, and by this 
criterion one bushel of coal has been found to perform a duty of thirty, forty, 
and fifty millions augmenting with improvements, chiefly in the fire-place, 
which produce a more rapid combustion, with consequently increased tem- 
perature and more complete absorption of the generated heat, in addition to 
expansive working, and to the use of steam raised considerably above the 
atmospherical pressure." — See LetaCs Report. 

There appears to be some confusion amongst engineers and practical men 
rehitive to the term duty. In Cornwall it is understood to be the weight of 
water raised by a given quantity of fael ; in other districts it is considered 
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suaded there is no foundation for such an opinion, as the 
number of millions of pounds lifted one foot high by a 
bushel of coals (which is the criterion of the duty) is 
determined in two ways, first, by calculations founded on 
the length of the stroke and the bore of the pump; and 
secondly, by correct measurements of the absolute quantity 
of water discharged. 

Mr. Taylor, one of the first authorities on the subject of 
Cornish mining, observes, ^^that in order to satisfy the 
doubts and remove the misapprehensions which exist as to 
the impartiality and care with which the accounts are taken, 
that they are done at the expense and under the directions 
of those who of aU others it most copoems, to see that a 
correct estimate of the merits of each engine is produced, 
meaning, the proprietors of the mines, whose interests are 
inseparable from the economical employment of those ma^ 
chines, and who look" — as Mr. Taylor justly observes — 
^^ to these accounts to govern them in the choice of engines, 
and in their judgment of those who erect and superintend 
them." There cannot, therefore, exist a doubt respecting 
the accuracy of these returns, as the number of experiments 
made to determine the amount of work done, and the 
quantity of fuel consumed in a given performance, are in 
themselves sufficient to establish the &cts that the Cornish 

as the load raised or resistance oyeroome. Now there is a wide differenca 
between the duty performed and the e£fect prodnced; the one being an 
entirely commercial question, indicating a certain performance at a given 
ra^, whilst the other signifies the whole power expended and the quantity of 
fiiel oonsnmed. In the Cornish engines, of the same construction, and by 
the same makers, there is a great difference in the duty ; one engine for. 
instance may be nicely balanced in the pit with good pumps, valres^ rods* 
&c., and another may labour under many defects as respects the pit machi- 
nery, and consequently have a much greater weight to overcome. These 
two cases are, therefore, very dissimilar, and although ^ steam engines 
may be equally perfect as regards the power exerted, yet the quantity of 
water raised will be much greater in the one case than the other. The term 
duty is, therefore, not commensurate with the effect; the effect being 
entirely independent of friction and other expenditure of power. 
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pumping engines accomplish a much higher duty than has 
yet been obtained in this or any other country. Amongst 
the first experimenters and engineers to whom we are 
indebted for these advantages may be classed the names 
of Smeaton, Watt, Grose, Lean, and Woolf, and more 
recently, Henwood, Wicksteed, and Parkes, hare largely 
contributed to the advancement of our knowledge in that 
department of practical science. 

From the days of Savery and Newcomen, in 1707, to 
those of Beighton, in 1717, the steam engine received but 
few additions. It remained stationary till the year 1769, 
when Smeaton first commenced upon his improvements. 
At that period the average duty of fifteen atmospheric 
engines amounted to five millions five hundred and ninety 
thousand pounds, lifted one foot high by a bushel of coals.* 
These improvements continued, and the duty, in 1772, 
was raised to nine millions four hundred and fifty thousand 
pounds. 

Mr. Watt's improvements commenced in 1776, when the 
average duty was declared at twenty-one millions six 
hundred thousand pounds, more than double that of 
Smeaton's; and, during the years 1778-9, it was still 
further increased. 

In 1779, and from that to 1788, Mr. Watt introduced 
the improvement of working steam expansively, which 
raised the duty to twenty-six millions six hundred thousand 
pounds. From 1788 to 1812, few, if any, improvements 
were made in the Cornish engines; and, provided we except 
the plunger pole, which was introduced about this time, I 
question whether the Cornish engineers and miners did not 



* A bushel of coals weighs ninety-four pounds, and is used in Cornwall as 
a measure for determining the number of millions of pounds of water lifted 
one foot high, the time of lifting not being considered. Mr. Watt was the 
first to adopt this method for ascertaining the comparative merits of steam 
pngines. 
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retrograde rather than advance during a period of twenty- 
four years. 

In 1814, considerable advances were made, which raised 
the duty to thirty-two milUon pounds. During that year, 
WbolTs engine with two cylinders was introduced, which 
i^ain advanced the duty to fifty-four million pounds. 

Mr. Woolf, above all others, did most for the Cornish 
engines, by showing the advantages peculiar to high pres- 
sure steam, and pr^ared for subsequent improvements, 
which led to the present effective system of expansive 
working. 

During a period of six years, from 1814 to 1820, WoolTs 
double cylinder engine maintained its superiority, and gave 
a higher duty than any other. 

Woolf 's engine, in process of time, gave way to others 
of a better construction. They were introduced by Captain 
Samuel Grose, whose experiments upon the generation and 
preservation of heat led to great improvements, and ulti- 
mately established a new era in the history of the Cornish 
engine. 

In 1826, Captain Grose's engine, at Wheal Hope, 
attained a duty of sixty-two million pounds ; and, in July 
of the following year, one of Mr. Woolf 's single cylinder 
engines performed the then unprecedented duty of sixty- 
seven millions. 

From that time Captain Grose's improvements were 
appreciated, and generally introduced; they led to a still 
greater advance in the duty, which, in 1827, reached as 
high as eighty-seven million pounds. 

Messrs. Lean and Brothers report the duty of a few of 
the Cornish engines, at this time, as follow : 

Millions. 

Wheal Towan Engine 87.0 lbs. 

Wheal Hope 74.8 „ 

Consols 67.6 „ 
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Millions. 

Binner Downs 63.5 lbs. 

Consols 61.7 ,, 

Consols 61.3 9, 

Wheal Vor 61,1 „ 

Wheal Towan (Druce's) 59.4 „ 

Consols ••.. 58.4 „ 

Poldice 57.8 „ 

Wheal Vor 51.9 „ 

These give a mew duty of sixty-four millions of pounds. 

Nothing remarkable took place till 1834, when the duty 
was raised to ninety million pounds ; since then it has oon- 
tinued to increase in the ratio of ninety, one hundred, 
and one hundred and ten millions; and, during the last 
meeting of the British Association at Glasgow, Mr. Taylor 
reported the present duty at the unequalled performance 
of one hundred and twenty-three millions, three hundred 
thousand, five hundred and ninety-three. 

Having briefly stated the progressive improvements that 
have taken place in the Cornish system of pumping, I 
would now direct attention to the important results which 
these improvements have produced. 

Previously to entering upon this part of my subject, it 
may be necessary first to describe the engine, and subse- 
quently to illustrate, by drawings and diagrams, the process 
by which these improvements were effected. 

The Cornish engine, as now constructed, is what is tech- 
nically called, single-dieting ; that is, the force of the steam 
is applied on one side of the piston only, and that during 
the time of lifting the load. On the out stroke, or during 
the descent of the plungers and pump rods, the steam (after 
it has performed the lift) is admitted from the upper to the 
lower side of the piston, and the pressure being equal, the 
return stroke is effected by the preponderance of the weight 
in the pit. This system of working is of all others the 
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most effective yet introduced, it is based upon the principle 
of applying an efficient and preponderating force to a mass 
of matter in a state of rest, to give it motion, and to main- 
tain that motion for a limited period of time. On this 
principle — accompanied with a proper distribution of the 
forces as applied to the load — ^hinges (in my opinion) the 
whole merit of the Cornish system. 

If we minutely examine the process by which these per- 
formances are effected, it will be found that the Cornish 
engineers have very judiciously availed themselves of every 
advantage which the result of many trials and forty years' 
experience have produced. At an early period they adopt- 
ed the principle of working their en^nes expansively, they 
increased the pressure of the steam on the piston, and 
regulated its application with a degree of skill, which gave 
extraordinary (and what have been considered by some) 
doubtful results. They were, however, conclusive, so far 
as regards the reports, and are borne out by facts which are 
generally admitted to be correct. A reference to the draw- 
ings will, however, better explain these statements, and 
probably remove erroneous impressions respecting this im- 
proved system of working, first introduced by the Cornish, 
and now practised by most other engineers. 

Suppose the steam engine, as represented in the drawing, 
plate II. fig. 1,* to have terminated the return stroke, every 
thing at rest, and the piston in that quiescent state ready 
to commence the lift. In such a position, a rush of high 
pressure (or, as Mr. Parkes calls it, percussion) steam is 
suddenly introduced, the inertia of the load in the pit is 
overcome, and motion ensues. This motion would, how- 
ever, soon terminate but for the expansive action which takes 
place when the communication between the cylinder and the 
boiler (now open) is suddenly cut off. This is done at a 

* For explanation of figure, see description of plates. 
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very early period of the piston's motion, by rapidly closing 
the steam valve, and thus excluding the further admission 
of steam, and retaining only a small volume (probably not 
more than one-sixth of the contents of the cylinder) to urge 
forward the piston and terminate the stroke. 

At first sight this force would scarcely appear adequate 
to the immense load which has to be raised; but on further 
examination we shall find the process and likewise the con- 
trivances for these objects equally ingenious and effective. 
Having overcome the vis inertise of the mass, it will be 
found that the remainder of the stroke is duly effected by 
the steam's expansive action, and the consequent enlarge- 
ment of its volume to the end of the stroke. 

At the termination of the stroke, the equilibrium valve 
which connects the upper with the lower side of the cylin^ 
der opens, and the steam— now greatly attenuated-^is 
admitted from the upper to the lower side of the pistop, 
and the pressure being equal on both sides, the return 
stroke is performed in equilibrio by the weight of the pump 
rods as they descend in the pit. 

When the retrograde motion takes place, it will be 
observed that the steam in the cylinder having expanded in 
volume to five or six times its bulk is greatly reduced in 
pressure, and the force- being no longer equal to the resist- 
ance, the return stroke must of necessity take place as soon 
as the equilibrium valve effects the communication between 
the top and bottom of the cylinder. 

From this, it is clear that the return stroke wiU be made 
with a velocity due to the weight in the pit ; and from its 
accelerated motion, might be attended with danger, if it 
were not counteracted by the equilibrium valve, which 
shuts before the termination of the stroke, and retains a 
portion of steam between the piston and the cylinder cover. 
This steam is forcibly compressed as the piston ascends, and 
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operates as an elastic cushion to receive the shock against 
the cylinder cover. 

Mr. Parkes, in his Treatise on the Action of Steam in 
the Cornish Single-Pumping Engiile, gives numerous 
examples relative to the methods adopted for regulating 
the Cornish engine. He states ^^'that the steam at its 
entrance into the cylinder exceeds in pressure that of the 
force opposed to it, or the engine would not stir; at the 
termination of the stroke, the pressure is reduced below 
that of the resistance, and that the siun of the forces 
operating throughout the stroke, must be sufficient to .carry 
the piston to the end of its course, or it would not arrive 
there/' 

He farther goes on to state, that ^^the mass of matter set 
in motion by the steam's initial force on the piston, acts the 
part of a fly wheel. "It first absorbs the excess of power 
over the resistance, and then faithfully dischaiges it, by 
assisting to continue the engine's motion during the steam's 
expansion, and consequent diminishing force below the 
pressure of the resistance. But this mass of matter pos- 
sesses no power-creating virtue ; it merely husbands at one 
period of the, stroke, and restores it at another, that force 
which was given to it; it exerts no power of its own." 

In further elucidation of this subject, it may be useful to 
direct attention to the annexed indicator diagrams (see 
plate II. a), taken from the Hoskins' and Davey engines 
by Mr. Enys, in 1837. In the previous year my engineer, 
Mr. Robert Smith, took several indicator figures of the 
engines in Cornwall, which on comparison with those since 
taken by Mr. Henwood, Mr. Enys, and others, are very 
similar in their appearance and character. 

The indicator is an instrument of great vulue for ascei^ 
taining the performance, and pressure upon the piston of 
every description of engine. It has long been used as a 
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test of the perfonnance of rotative engines, and has more 
recently been appUed vn^ equal success to the high pres- 
sure single-acting engine. The annexed diagrams exhibit 
the correct pressure of the steam upon the piston of three 
distinct engines, at every point of the stroke. The first 
was received from Professor Mosley of King^s College, 
London, and those takisn from the Davey and Hoskins' 
engines, were handed to me by Mr. Enys. They are cor- 
rect copies of the originals. 

Diagram I. was taken from one of the Cornish engines, 
and exhibits an accurate transcript of the action of the 
engine from the commencement to the termination of the 
stroke. It exhibits high expansive action, which, it will 
be observed, takes place when the piston has deseended 
only twelve inches. It gives the extreme elasticity of the 
steam when it enters the cylinder, its continued pressure to 
a point corresponding with 1-1 1th of the stroke, and its 
varied expansive action until the piston has completed the 
whole distance from a to b, eleven feet. In this diagram, 
the pressure of the steam acting upon the piston at every 
division of twelve inches of the stroke, will be nearly as 
follows : 

'^Distance 
in feet. 

1 

2 



1 






3 ; 

4 

5 

6 CYLINDER 

7 

8 

9 

10 

11 



Presnire' 
ihlbs. 

38.0 

23.5 

18.0 

14.8 

12.3 

10.5 

9.4 

8.6 

7.8 

7.8 

7.0 



»T3 



I 



09 
09 
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The maximum pressure per square inch upon the piston is 
therefore 38 lbs., and the minimum, or state of" the steam's 
elastic force at the end of the stroke, is 7 lbs., giving a 
mean of 14.33 lbs. throughout the stroke. 

Diagram II., from Davey's engine (Consolidated mines), 
eidbibits a different figure to that just described. It would 
appear from the diagram that the steam ralve is continued 
longer open, and the steam's expansion does not commence 
until the piston has made twenty-seven inches of the stroke; 
after attaining this pomt, expansion begins, and the lines 
described in both cases by the instrument are nearly alike. 
The steam's elastic pressure in the Davey engine is not so 
great at the commencement of the stroke as in the first 
diagram, but it is longer continued, and the momentum 
consequently increased before expansion takes place* 

The forces acting upon the piston in this engme, during 
the working stroke, are in divisions of twelve inches,* equal 
to a mean pressure of 17.4 lbs. on the square inch. 

Prearare^ 
in lbs. 

32.7 



I 

i 
I 






Dbtance 
in feet. 

1 

2 •• 

3 

4 

5 

6 CTLINOEB 

7 

8 

9 

10 

11.33 



32.7 
24.4 
20.5 
16.5 
14.0 
12.0 
11.3 
10.0 
9.1 
8.2 



g 
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* The length of the stroke in the Dsvey engine is eleven feet four inches, 
but the figure is divided in the usual manner at equal distances of twelve 
inches, which causes an enlargement of the lower space equal to sixteen 
inches of the depth of the cylinder. This difference in dividing the stroke 
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In the Davey engine the steam is not so much attenu- 
ated at the close of the stroke as that indicated by diagram 
No. I. ; probably this may be accounted for by a dilSierence 
in the load, the resistance to be overcome being in the latter 
case 13.12 lbs. per square inch. I have no records of the 
duty performed by the engine as represented in No. I. dia- 
gram, but No. II. and No. III. give respectively, seventy 
million twenty-six thousand, and sixty-seven million three 
hundred thousand pounds raised one foot high by a bushel 
of coals. 

Diagram No. III. is taken from the Hoskins' engine, 
and is nearly similar to that which represents the Davey 
engine. At the close of the steam valve from the point a, 
down to the atmospheric line &, there is a jBickering motion 
in the instrument, which indicates a variable pressure, aris- 
ing probably from a jerking motion in the pumps, as the 
load ascends. In other respects the figures are similar in 
appearance, and the load on the piston nearly the same. 

Some months ago I was in correspondence with Mr. 
Enys on the subject of the indicator as applied to single 
acting engines on the Cornish principle, and, from the con- 
stant and frequent opportunities that gentleman has for 
recording facts, I entertain hopes that the public will 
shortly be in possession of numerous data relative to this 
important and all absorbing subject. 

lias no effact upon the prewnre, which on a careful examination wonld be 
nearly the same at the termination, eleyen feet few inches, as it was at 
eleren feet. 
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ART. x« 

Notice of Upper Silurian Rocks in the Vale of 
Llangollen, North Wales; and of a contigtmis 
eruption of Trap and Compact Felspar. By 
J. E. Bowman, F.L.S. & F.G.S. 

Read 25th February, 1841. 

In the course of an investigadon undertaken during the 
last summer at the suggestion of Mr. Murchison, to endea- 
vour to ascertain more predsely the boundary- between the 
Silurian and Cambrian systems through Montgomeryshire 
and Denbighshire, I found that much time and labour and 
the examination of a more extensive district would be 
necessary, and that many alterations in the latest geologi- 
cal maps would be necessary. I was soon aware that it 
would be extremely difficult, if not impossible, to ascertain 
the line of junction, in consequence chiefly of the nume- 
rous dislocations that had broken up the whole country, 
and the superficial covering of diluvium which so generally 
concealed the beds ; and I gradually adopted the opinion, 
that neither by its lithological structure, nor its fossils, can 
the Upper Cambrian group be distinguished from the 
Lower Silurian. But it is not my intention to enter upon 
this difficult subject till my present views shall be confirmed 
or modified by future observations on a wider scale; the 
only object of the present Paper being to make known one 
or two very interesting features which I unexpectedly came 
in contact with in the course of my investigations, and 
which are not noticed upon the best and latest geological 
maps. 



Digitized by 



Google 



Rocks in the Vale of Llangollen. 195 

The accompanying sections have been constructed on 
the unifonn scale; that is, they shew the heights and 
horizontal distances in their natural and true proportions. 
This would not have been practicable before the publica- 
tion of the beautiful maps of the Ordnance Survey, nor 
without the altitudes of the mountains liberally communi- 
cated at my request by Colonel Colby. I have adopted 
Mr. Murchison's colouring througho^t^ though in sub- 
dividing into three, that portion of the Upper Silurian 
which in the localities whence he has drawn his type is 
confined to a single character, it became necessary to 
invent some distinction. This subdivision I have endear 
voured to make intelligible by differences in the engraving, 
and the reference at the conclusion of the Paper. 

The schistose rocks which compose the lofty ridges to 
the north and south of the valley of the Dee between 
Corwen and Llangollen, and the scarcely less rugged 
intermediate country through which that celebrated river 
circuitously flows, have been referred to different members 
of the great Slate formation of North Wales. The chain 
that hems in this mountain tract to the north commences 
near Corwen, and running north-east comprises the bold 
hills of Moel Morfidd, Gribin Oimant, and Moel y faen, 
which contain many extensive and celebrated slate quarries. 
The long ridge to the south is called Cefii uchaf ; it 
stretches eastward as far as the meridian of Chirk, and 
divides the valleys of the Ceiriog and the Dee. In the 
former, its base contains many seams of a true fissile slate, 
and others with a less perfect cleavage, which are worked 
in many quarries both for roof slate and large flags, and 
pass under the general name of the Glyn slates. Both of 
the above chains may be considered as bifurcations or spurs 
of the great Berwyn range, which here gradually subsides 
to the eastward, and finally disappears under the Denbigh- 
shire coal field. 
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The Upper Silurian rocks of the Vale of Llangollen 
may be therefore arranged, as follows, in the descending 
series. 

1. Compact thin grey micaceous beds, compos- 
ed of siliceous, argillaceous, and calcareous 
particles, bearing a general resemblance to 
similar beds at Ludlow, &c«, though very 
scantily supplied with fossils. Hill of Castell 
Dinas Bran, Llangollen fechan. 

Equivalent. Upper Ludlow. Murch, 

2. Blue unfossiliferous shale. Foot of Castell 
Dinas Bran. 

-Equivalent. Lower Ludlow? Murch. 

1. Thin beds of hardened more siliceous schist. 
Both sides the Dee above Llangollen. 

2. Parallel beds of light blue grey shale, streak- 
ed and banded. Wriddiog; upper part of 
Cefii uchaf. 

3. Slates and flags, generally dark and glossy 
with large Orthoceratites, Cardiola interrupta, 
and Graptolithus Ludensis. Glyn and Oir- 
nant quarries. 

^Equivalent. Wenlock shale. Murch. 

It so happened that I commenced my examination of 
these rocks from the south, where none of their true 
relations can be seen; and I spent much time and many 
laborious traverses in different directions, before I could 
obtain smy direct evidence of their true geological position. 
The slates and flags they contain are so unlike the rock of 
the same age in Shropshire, Herefordshire, and Montgo- 
meryshire, that but for such evidence, or that of organic 
remains (which very rarely occur) they would not be 
recognised as the equivalent of the <^ Mudstones" of those 
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districts ; or, in other words, as the lower member of the 
Upper Silurian formation. 

On ascending the hill of Castell Dinas Bran, which rises 
above the north bank of the Dee at Llangollen, and abuts 
against the great limestone escarpment of the Eglwyseg, I 
found it to be of Upper Ludlow rock, bearing its usual 
character of a compact micaceous thin bedded shale ; and 
was delighted to discover in it well defined specimens of 
Terebratula Navicula, two or three species of Cypricardia, 
and other usual fossils of that formation. Mr. Murchison 
says that Terebratula Navicula is confined to the lower 
portion of the Upper Ludlow, and to the subjacent Aymestry 
limestone. It was in searching for this limestone, that I 
found, at the foot of the south spur of Castell Dinas Bran, 
(which has been cut through to form a passage for the 
feeder of the Ellesmere canal) a blue shaly rock, very differ- 
ent from the Upper Ludlow on close comparison, being 
thicker bedded, scarcely micaceous, and altogether unfossi- 
liferous. It was in contact with, and rose up conformably 
from underneath the latter, the dip of both being six to 
eight south-east, or toward the valley of the Dee ; but there 
was no appearance of any intervening limestone, or tendency 
to a calcareous character in the beds either above or below 
the junction. I afterwards found the same shale, with a 
general uniformity of dip, in several places on the opposite 
or south. bank of the Dee, to the east of Llangollen, in the 
cuttings of the great Holyhead road. At Llangollen-fechan, 
one mile and a half to the east, the Upper Ludlow may be 
seen lying upon this shale, which rises from beneath, and 
forms the higher part of the hill behind. I considered, 
therefore, that notwithstanding the absence of the dividing 
limestone, this blue unfossiliferous shale might be the equiva^ 
lent of the Lower Ludlow. It is not of great thickness, but 
soon passes downwards into a harder and apparently more 
siliceous schist, which I have placed at the top of the lower 
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division of the Upper Silurian. These beds are streaked 
with thin parallel bands of a lighter and darker blue, and are 
altogether barren of fossils. They are of very considerable 
thickness, since they form the bed of the Dee for more than 
a mile above Llangollen bridge, the conical heights of Y 
Voel Abbey, 750 feet high on the north, and extend up to 
the quarry of Bachau, and the top of Craig y Gadd, on the 
south bank, which last is 1050 feet above the Dee at Llan- 
gollen ; and as the dip varies from six to twenty-six, their 
thickness may be estimated at about 800 feet. I may briefly 
mention, that these hardened strata in the bed of the Dee 
are very rugged and broken, with a constant dip of six or 
eight in the direction of the current, so that while their 
smooth surfaces give great rapidity to the stream, their pro- 
jecting edges are constantly obstructing it. These opposite 
causes give to its dark and foaming waters those contrasts 
of colour, and alternate reaches of turbulence and repose, 
which form the most interesting features of this justly cele- 
brated river. These banded and hardened rocks, with some 
modification, also compose the hills for nearly two miles 
west from Llangollen, and imperceptibly pass downwards 
into a schist of the same general structure, but of a paler 
blue with beds of more uniform thickness. On the steep 
west face of the Wriddiog, by the side of the Holyhead 
road, the change of character is completed, and the paler 
beds may be seen largely developed, banded and streaked 
with others of a whitish cast, quite parallel, occasionally 
wavy, and sometimes shewing a tendency to a concretionary 
arrangement. Similar rocks, without any change of ap- 
pearance, and scarcely of dip (generally six to eight south- 
east) stretch out to the north in the bold promontory of 
Rhysgog, and occupy the rugged tract abeady alluded to, 
on the opposite bank of the Dee. They are thrown into a 
perpendicular position on the crusty barren hill of Craig ddu, 
and on the crest of the Pass of Bwlch y groes that leads 
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over the range of slate rocks into the valley of Bryneglwys, 
clearly she\nng that mighty forces must have been neces- 
sary to effect such great convulsions. Yet in no part of 
this tract could I discover the least trace of igneous action/ 
The same banded rocks also compose the entire height of 
the great north spurs of Cefn ucha^ east of Mod Fema, 
which, from the top of their bold precipices to their bases 
on the road half way between Llangollen and Corwen, 
comprise a thickness of not less than fifteen hundred feet. 
On these hills, and especially on the west slope of the 
nameless hill (1583 feet high) along which a new road to 
Nantyr has lately been formed, the schist is repeatedly 
interstratified with thin beds of hard light coloured grey* 
wacke, through which the cleavage planes do not pass. It 
is probable that the same formation extends to the summit 
of Moel Fema (2050 feet high), but the universal breast- 
work of diluvium that envelopes it, only allows a scanty bit 
of rock to appear on its cap. This is a kind of dull grey- 
wacke, in which I could find no trace of bedding, though I 
took it to be one of the harder beds interstratified with the 
softer schists. Here, however, the evidence is as yet very 
defective; but putting Moel Fema out of the question, an 
attentive traverse of these great spurs of Cefn uchaf affords 
ample evidence, in their stracture, colours, uniformity of 
dip and of bedding (which, south of the Dee, is nearly 
horizontal), that they are all harmonious portions of one 
great formation, during whose deposition (however vast the 
period we may feel compelled to admit it must have re- 
quired to form them) no material change could have taken 
place in the nature of the sediment, or in the circumstances 



* On the south-east slope of Castell Diims Bran is a projecting mass of 
compact greenish felspar, ten or twelve feet diameter, and another of very 
similar texture » on the north side of Cefn uchaf, on the descent from Bwlch 
y Clawdd to the great Holyhead road. These are the only spots in the vale 
of Llangollen where I have seen igneous rocks in situ. 
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under which it was accumulated ; and also that they have 
gradually passed upwards into those darker banded more 
siliceous schists, and these again into the thick bedded blue 
shale which I traced rising up from underneath the true 
Upper Ludlow rock of Castell Dinas Bran. The changes are 
everywhere so slight that they can only be considered as mo- 
difications of the same deposit; and so gradual that it would 
be unadvisable, if not impossible, to separate the whole 
geologically. Yet, looking up towards them from various 
points below, and to the enormous gullies that sever them, 
and with the impression of their toilsome ascent fresh in the 
recollection, and considering also that they compose the im- 
mediate flanks, if not the eastern portion of the ridge of the 
Berwyn itself, it requires a bold and powerful effort of the 
n^nd, to separate them from the great Cambrian formation. 
It may be noticed also that, during the several days I was 
engaged in their examination, I could not see a single fossil 
in any part of these banded rocks, though in the Flag 
quarry at the top of Craig Dduallt, a few miles to the 
eastward, which undoubtedly belongs to them, I found, in 
addition to the usual Orthoceratites, Graptolithus Ludensis, 
a characteristic fossil of the lower part of the Upper 
Silurian formation. 

I have still to mention the third and lowest portion of the 
group, and that which in an economic and commercial point 
of view, is the most important, because it contains most of 
the slate and flag quarries in the district, and is largely 
worked in both the ranges of hills already described. I 
shall have no difficulty in connecting these slates and flags 
upwards with the banded schists last described, or down- 
wards into the true Lower Silurian rocks, from the direct 
evidence of superposition; or in shewing by a few, but 
important organic remains, that they belong to the Upper 
Silurian rocks. First, as to the order of superposition 
on Cefn uchaf, south of the Dee. If we stand on this 
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ridge, about midway between Moel Feraa and the Carn, 
and &ce the north, we see below us two deep lateral 
valleys divided by a lofty hill which rises to the height 
of 1583 feet, though it is not distinguished by any 
particular name. At the head of each of these lateral 
valleys, and under the very ridge of Cefh uchaf, is a 
quarry, in which blue thick bedded hard flags, often of 
great dimensions, are procured. That to the east is called 
Bwlch y Clawdd, and that to the. west Briwnant quarry. 
A regular gradation downwards from the streaked and 
greywacke beds already named, into the Briwnant quarry, 
may be traced, first from the summit of the nameless hill to 
the new road to Nantyr that runs under its western slope, 
and then along the zigzag declivity that leads down to it, 
the same dip being uninterrupted throughout, thus very 
satisfactorily shewing the inferior geological position of the 
flags. The neighbouring quarry of Bwlch y Clawdd,' not- 
withstanding a slight difference of dip, evidently contains 
the same description of flags, though probably they are 
higher in the series, and both are interlaminated with thin 
greywacke bai^ds. On the opposite or south side the 
mountain, a satisfactory passage downwards from the mid- 
dle streaked beds to the slates, may be seen by following 
the course of a little rill that falls into the Ceiriog, from 
Chwarel issaf to the Bronith quarry* Again, in the chain 
of hills on the north of the Dee, where flags and slates of 
similar appearance and quality are procured, their inferior 
position to the streaked beds is apparent. And in a subse- 
quent examination of the long hill of Cjrm y Brain, which 
is a Lower Silurian rock and in the same line of strike, I 
had the satisfaction to see the lowest beds of these slates 
distinctly reposing upon the fossiliferous Lower Silurian 
rock which rose up from beneath them. This was on its 
south-west flank, just above the road between Ruthin and 
Llangollen, about one mile south of Davem Dywarch. 
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The particulars of dip and cleavage I shall here, as in pre- 
vious instances, pass over, not i^nshing to encumber the 
present brief communication with uninteresting details. 

Then as to the evidence of organic remains. In many 
of the quarries of Cefn uchaf, where the beds and cleavage^ 
planes are coincident, as at Bwlch y Clawdd, Garth, 
Brongillt, &c., large Orthoceratites may frequently be seen 
on the surfisu^e of the flags, sometimes twelve or fourteen 
inches long and one and a half to two inches diameter at 
their widest end. In a newly opened quarry called Maes 
Goran, under Moel y Gamelin, in the chain north of the 
Dee, I found the same large Orthoceratites, and well 
defined specimens of Cardiola interrupta, characteristic of, 
and usually confined to the Lower Ludlow rock. 

Briefly to recapitulate. — The lower division I have been 
describing may be conveniently arranged under three prin- 
cipal groups. First, thin parallel beds of hardened streaked 
schist, destitute of fossils. The second or middle group, an 
inunense thickness of uniform, parallel beds of light blue 
shale, some of which, on weathering, assume a whitish 
colour, giving the section a streaked or banded character. 
The lower portion is interstratified with hard sonorous 
greywacke beds, and gradually passes into the third or 
lowest division, which contains the slates and flags so ex- 
tensively worked in numerous quarries on Cefii uchaf on 
the south, and in the hills on the north side of the Dee, as 
Grribin Oimant, Moel y &en, &c, 

I wish it were in my power to estimate correctly the 
thickness of these respective groups; but without having 
sufficient data to enable me to do this, and without going 
into details that would be tedious, I may venture to state 
that I consider the upper and the lower group to be each 
about eight hundred feet, and the middle group of banded 
schists about one thousand five hundred feet, making a 
total thickness of about three thousand one hundred feet 
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from the base of the Upper Ludlow to the sui&ce of the 
Lower Silurian. It is of more importance to ascertain 
their true geological position, and I trust I have satis&c- 
torily shewn them to be the lower members of the Upper 
Silurian. It would be an extremely difficult and useless 
task to attempt to identify them more closely either with 
the Lower Ludlow or the Wenlock shale. Of their two 
most important fossils, one, the Graptolithus Ludensis, has 
been found in both ; and though the other, the Cardiola 
intemipta, is not recorded to have been seen below the 
Lower Ludlow, I have a spedmen collected by myself 
from the lowest bed of the Wenlock shale, in the river 
Qnny, below Hmderley. The upper and middle groups 
are generally very barren of fossils ; so that in the absence 
of the dividing limestones, all we can be certain of is 
that they lie beneath the Upper Ludlow of Castell Dinas 
Bran, and upon the Lower Silurian of Cjrm y Brain. 
No one will now contend that uniformity of lithological 
structure is necessary to establish geological contemporiety, 
more especially against the important evidence of organic 
remains. 

As, however, these rocks here assume a character very 
different from their ordinary type, it may not be amiss to 
compare the two together, and to endeavour to connect 
them by others of an intermediate character. Without 
going &r from the district we have been examining, we 
may see a few n^iles to the eastward, at the foot of 
Pont Fadog, on the sonth bank of the Ceiriog, a brotvn 
soft shaly rock, which no one acquainted with the usual 
appearance of the Lower Ludlow, would hesitate to recog- 
nize as such; while at Gwem towr, within a mile, and 
on the eastern extremity of Ce& uchaf, the rock that 
occupies the same geological position, is blue, hard, 
sonorous when struck, and does not become brown or 
rotten by exposure. Many modifications might be men- 
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tioned in neighbouring quarries, to show that at least one 
cause of the change has been its proximity to subterranean 
heat. There seems, indeed, to be a progressive increase of 
hardness and durabilUy^ as the quarries lie more to the west- 
ward, or approach the seat of igneous action ; though after 
a sufficiently long exposure, they all betray, more or less, 
the prevailing tendency of their prototypes in Shropshire 
and Montgomeryshire, to go brown and rotten, and become 
real ^^ Mudstanes." This is also the case with the altered 
and rhomboidal Lower Ludlow rock of the Long Mountain 
and the Railth, near Welsh Pool; and with the still more 
indurated shales west df Welsh Pool and LlanfiEur, (of all 
which I was often reminded in these traverses), and which, 
though generally destitute of fossils, occasionally contain 
Orthoceratites and Graptolites, and are recognized as the 
lower members of the Upper Silurian rocks. They may 
therefore be considered as intermediate links which connect 
the soft mudstones of Shropshire with the fissile slates and 
flags of Denbighshire. The above fossils also occur in the 
black coarse flags of Nant Glyn and Cyffylliog, on the high 
table land between the vales of the Conway and Clwyd, 
which are also probably of contemporaneous formation. 

In addition to the above coincidences may be named, the 
general parallelism, uniformity, and low angle of dip of the 
beds, which prevail in all the districts that have been named, 
and which are strongly contrasted with the high angles and 
great contortions of the true Cambrian slates. Also the 
occasional tendency to concretions both in beds and in de- 
tached hailstones, and the general similarity in structure of 
the joints and cleavage planes. The distinctness and clear- 
ness which these divisions, especially the cleavage, exhibit 
in the rocks I have been describing, though in some degree 
they may be due to the nature of the deposit, must be more 
largely attributed to the intensity of the forces that have 
crystalized or polarized the particles, and are supposed to 
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have been in the greatest activity during the earliest geolo- 
gical periods. The clearness and precision of these divi- 
sional planes in some of the quarries I visited (Brongillt) 
prove that after the deposition of these younger Silurian 
rocks, these forces ivere still sufficiently powerful to produce 
a cleavage, little if at all inferior to that impressed upon the 
oldest Cambrian slates. 

The other new feature I shall now describe, is an 
elevated plateau of igneous rocks, occupying an area of 
about twenty square miles, under the east flank of the 
Berwyn, and between the "^ages of Llanarmon DyfEryn 
Ceiriog, and Llansaintfraid Glyn Ceiriog. It is divided 
by a deep picturesque gorge, through which the in&nt 
Ceiriog runs, accompanied by the road between die two 
villages just named; and is intersected again nearly at 
right angles by another gorge, so that it is broken up into 
four irregular quarters, the most elevated parts being the 
general centre. Having skirted and intersected this pla- 
teau in various directions, I can state that the sedimentary 
rocks have been tlirown off from it on all sides; the 
Cambrian slates from the south and west, Silurian rocks 
from the north, and Mountain Limestone and Millstone 
Grit from the east flank. These several rocks occupy 
more or less of the slopes and gullies ; the boundary lines 
between them and the trap being generally pointed out by 
the greater fertility of the surface over the sedimentary de- 
posits, and by the sterility of the high felspar district. The 
central and eastern portions of the plateau, with its flanks 
and watercourses, and the adjacent country to some dis- 
tance, are strewed over with scattered blocks of pure white 
compact felspar, which becomes porous and honeycombed 
by long exposure. Some of these are equal to the best 
French burrs, which they much resemble ; mixed with them 
are others of a greenish grey tough sonorous rock, which in 
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hand specimens might be called greywackey but which is 
easily recognised as of igneous oiigin, and in many blocks 
of which, felspar is the prevailing ingnedient. Some of 
these are amorphous, others stratified and of various tints, 
the colour depending on the proportion of fielspar, and vary- 
ing from neariy white to a dark greenish grey. Immense 
detached blocks of this trap, both amorphous and stratified, 
strew the slopes of the central gorges, while others, in sitUy 
project in gigantic masses from the rifted precipices, and 
give to the scene something of a chaotic character. This is 
especially the case about the intersection of the two gorges 
at Pandy Melin Deirw, just above which, on the highest 
point of Pen y Graig, is a column of compact white felspar, 
twenty to twenty-five yards high, hemmed in on each side 
by a rude wall of Lower Silurian rock, which it has fordbly 
rifted in its efforts to escape, and overspread laterally, crown- 
ing the precipice as with the splintered battlements of some 
ruined castle. The width of this column or funnel of fel- 
spar is about sixteen or eighteen yards, but on the top, 
where it has overflowed, it is much greater. The mass is 
rudely divided, by perpendicular joints, into angular prisms, 
but these have no definite or symmetrical form. The schist 
in contact is paler and more splintery than the rest, and in 
places is almost as white as the felspar itself; but on both 
sides the funnel, it preserves the usual dip of the whole hill 
to the north. On the ascent fi'om the bottom of the gorge, 
it may be seen projecting in various places, and even in the 
thin partition between the intruded rock and the &ce of the 
precipice. The walls of the trap itself, on the ddes of the 
goi^e, are rifted and js^ed, as though the mass had be^i 
torn asunder after it had been consolidated; and these com- 
bined appearances seem to show, that after the first ejection, 
the whole elevated surface has been broken up by a second 
uplift from below. This latter convulsion may not have 
occurred till after the deposition of the Millstone Grit ; for 
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on the eastern flank, near Ghiremedd Gymmal, the bastard 
lime and Millstone Grit are tilted off its side, and dip from 
the plateau. The trap, also, in many places, when fresh 
broken, shews in the section a waved or banded appearance, 
some of the seams being of a paler colour, and nearly pure 
felspar, especially near the funnel ; while its average colour 
seems to deepen as it approaches the confines, owing proba^ 
bly to the felspar being mixed up with a lai^er proportion 
of extraneous matter. These appearances, taken in con- 
junction with the stratification or bedding of other portions 
of the trap, seem to indicate that the igneous action was 
going on simultaneously with the deposition of sedimentary 
matter, some of the beds partaking of the character of both. 
On the north-west side especially, the schists are repeatedly 
interstratified with thin bedded, very hard, greenish traps, 
which have so uniform a thickness through large areas, and 
sur&ces as smooth as the schists themselves, that they must 
have been formed by some such process. Some of these 
bedded traps are micaceous, and are impressed with Lower 
Silurian Fossils. Some very thick slabs, quarried for build- 
ing, had both surfaces as parallel as any bedded rock ; yet 
not the slightest, difference in the texture or colour was per- 
ceptible, on comparing them with the amorphous blocks. 
Mr. Murchison shows that some of the volcanic grits on the 
flanks of the Cbmdon, and elsewhere, must have had a 
similar origin. 

Another independent outburst of igneous matter occurs 
on the south-west side of the plateau, where the elongated 
ridge of Mynydd bach (one mile north-west from Llanarmon 
Dyffryn Ceiriog) is composed of the amorphous trap. The 
schist has been thrown off, and dips from the ridge on the 
north and south slopes ; is hardened and altered in colour, 
and its cleavage planes are nearly obliterated. The boun- 
dary between it and the trap is clearly marked by a thick 
vein of pure white quartz, which encircles the summit like a 
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rude wally or is strewed about in great splintered blocks. It 
marks the site of an ancient camp, which is shewn on the 
ordnance map, but of which I could not learn that any his- 
torical record exists. 

The south-east side of the plateau is also studded by a 
group of detached hills of bedded trap, of a dark colour and 
coarse fracture. Some of these are of great height, as Foel 
Rhiwlas, and Moel y GweUtyn, shewn in the section, and 
have evidently burst through the slate rocks, which rest 
upon their sides, and occupy the intermediate hollows. To 
a similar cause must be attributed some serpentine and crys- 
talline limestone, found under the escarpment of Craig 
Ysgwennant. (See section.) Other trap rocks occur &r 
to the south-east of Llansilin, and are marked on Mr. 
Murchison's map. 

As the Lower Silurian and Cambrian rocks are intimately 
connected with this igneous district, and occupy a large 
portion of the section, I may be allowed to advert shortly to 
the difficulties that attend their examination, and to point 
out a few peculiarities they exhibit in the country under 
review. 

Before I commenced my survey, Mr. Murchison ap- 
prized me that the Silurian rocks would be found to stretch 
farther to the westward, or nearer to the ridge of the 
Berwyn, than they appear to do in his map, which only 
aimed to give a general outline. In every instance I have 
proved the correctness of this view; and have collected 
beautiful and characteristic Lower Silurian fossils from 
several localities laid down as Cambrian. But in gaieral, 
no definite boundary could be detected; in Montgomery- 
shire, where the beds can be traced ^ownwards, the transi- 
tion is gradual, and more to be pointed out by the absence 
of organic remains, than by any change in the lithological 
structure of the rocks. It is very rarely, indeed, that 
the order of superposition can be observed; Ist, on ac- 
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count of the great convulsions which have dislocated and 
broken up the strata; 2nd, from the great uniformity of 
the beds through vast thicknesses; Srd, from the variety 
of changes which many of them have undergone from 
Igneous action ; 4th, frt)m the extent to which the origi- 
nal bedding has been obliterated by the cleavage planes; 
5th, from the general absence of organic remains ; and 
lastly, from the almost universal covering of diluvium which 
has filled up the fissures of dislocation, and concealed the 
relative position of contiguous strata* These and other 
ilijSculties perplex and seriously retard the progress of the 
geologist, and make it imperative to devote much time and 
repeated observation, in order to understand the necessary 
details, and comprehend the true structure of the country. 
Nor are these difficulties confined to the oldest rocks. We 
have seen that even the Upper Silurians in Denbighshire 
are so much disgiused firom their usual type, that the geolo- 
gist who has only studied them in the districts so well 
illustrated by Mr. Murchison, would find himself com- 
pletely at £Etult, and would only be convinced of their 
identity, after having patiently worked out their relations, 
aided, perhaps, by a solitary fossil, which, after days of 
close search, he might be fortimate enough to find. 

I omitted no opportunity of collecting, as largely as I 
could, the organic remains of the Lower Silurians, and of 
the Bala limestones, in the hope, that by comparing them 
with others from similar deposits in our own and other 
countries, and also with the Devonian fossils, some prog^ress 
might be made in defining the limits of these respective 
formations, and of extending our knowledge of the earliest 
forms of organic life. I have found, both in the Lower 
Silurians and in the beds associated with the Bala limes, 
some molluscs and coralloids, which I have little doubt will 
prove to be new — at all events, that are not fig^ured in the 
splendid work of Mr. Murchison ; but I am only aware of 
p 
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one of these (a bivalve) that is confiDed exclusively to the 
latter. If, therefore, there be any boundary between the 
Upper Cambrian and the Lower Silurian systems, it must 
be defined by other evidence than that of fossils. 

In conclusion, I will only point out one or two peculiari- 
ties in the arrangement of the rocks in the section. In 
addition to the absence of the usual dividing limestones of 
the Upper Silurian group, already adverted to, the Old 
Red Sandstone is entirely wanting in the district I have 
been describing, indeed throughout the whole of Montgo- 
meryshire and Denbighshire; the carboniferous limestone 
usually resting upon the Upper Silurian. At the north 
end of Cym y Brain, the Upper Silurian is also wanting, 
and the lime is in contact with the Lower Silurian. But 
in less than a mile to the north of this point, the limestone 
also has disappeared, and the Millstone Grit of Moel 
Grugog rests immediately upon the Lower Silurian. 

In the Lower Silurian hill of Mynydd Fron Frys, imme- 
diately to the north of the trap plateau, and overlooking the 
glen of the Ceiriog, are two independent groups of inter- 
stratified limestones ; the upper accompanied by many courses 
of flags more or less calcareous, the lower by thick concre- 
tionary beds. These limestones resemble those in the hills 
above Bala in their hardness, and dark blue grey, highly 
crystalline appearance, and like them produce a brown im- 
pure lime, which has the property of setting under water, 
thus forming another analogy between the Lower Silurian 
and Upper Cambrian systems. These limestones, and the 
schist of which the whole hill is composed, contain some 
good fossils and corals, which, when examined by one fami- 
liar with these tribes, will probably be found to be new. 
The north-west top of this hUl contains courses of blue 
siliceous rock, in which fossils are imbedded, the most abun- 
dant being a coral, the Turbinolopsis bina of the Caradoc 
Sandstone, 
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ART. XI. 

Description of some New Species of Fossil SheUs, 
found chiefly in the Vale of Todmorden^ 
Yorkshire. By Captain Thomas Brown, 
M.R.P.S., M.W.S., M.P.S., Curator of the 
Manchester Natural History Society's Museum, 
&c. &c. &c. 

I AM indebted to my Mend Mr. Samuel Gibson, of 
Hebden Bridge, Vale of Todmorden, Yorkshire, for the 
loan of the new and interesting shells from which the 
following descriptive catalogue and my drawings were 
made. Almost the whole of the (^des were discovered 
by him, as well as many others, in different departments, 
which enriched the work of Mr. Phillips, on the Geology 
of Yorkshire. 

Situated in a country village, remote from men of science 
and books, and destined to earn his bread by a laborious 
employment, this intelligent and excellent individual, has, 
by his personal energies, apprehension, and great industry, 
overcome all the difficulties which beset him; and has done 
more in the way of collecting new subjects in almost every 
department of local Natural History, than has been accom- 
plished by those who have trodden the paths of natural 
science under more &vourable circumstances. His example 
has given a stimulus, to the study of nature in the districts 
around him, and he ever takes delight in initiating all who 
seek his aid, into the best means of pursuing the investiga- 
tion of natural objects. 
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CLASS I.— MOLLUSCA. 

ORDER IL— CEPHALOPODA. 

FAMILY AMMONACEA. 

Gbnus GONIATITES Von Buck. 

1. GoNiATiTBS UNDULATUS. Plate VII, Fig. 1, 2, 3, 
4, 5, Gibson's MSS., No. 6. 

Shell subglobose, glabrous, and shining; crossed by 
numerous, transverse, irregular, undulating, continuous 
raised lines, which bend downwards as they pass over the 
ambit; also provided with deep, straight, transverse con- 
strictions; ambit rounded; umbilicus very small, deep, and 
angulated ; aperture wide and expansive. 

In the very young state this species is destitute of the trans- 
verse lines and constrictions ; the umbilicus is large, and exhibits 
the volutions. Diameter nine lines, thickness a third less. 

This beautiful species occurs in fragments at Lambert's Clough, 
near Todmorden, and at Crossbills, near Skipton, Yorkshire. The 
distinct and bold undulating lines distinguish this itom all its con- 
geners. 

In the cabinets of Mr. S. Gibson, Hebden Bridge, and 
Mr. 1/Villiam Sutcliffe of Heptonstall. 

2. GoNiATiTBS iNTBRMEDius. Plate VII. Fig. 6, 7, 
8. Gibson's MSS., No. 8. 

Shell disooidal, subcompressed ; crossed by indistinct, 
wide-set, continuous, doubly bent undulations, which dip 
rapidly in an arcuated manner as ^ey pass over the sub- 
carinated ambit, which is a little compressed ; constrictions 
regular, broad, shallow, and greatly arcuated on the sides, 
and in passing over the ambit; volutions three, and rapidly 
increasing; umbilicus large and deep, with raised, angular 
edges, and exhibiting the three volutions. Septa, the 
dorsal lobse single, sole-shaped, with a truncated point ; a 
single, pointed lateral sinus, and two rounded lateral lobes; 



Digitized by 



Google 



214 Capt. Brown on some New 

aperture wide and deep. Greatest diameter two inches, 
thickness nine lines. 

This rare Goniatite is found at High-Green Wood, near 
Hebden Bridge, and is in the cabinet of Mr. Gibson. 

3. GoNiATiTES suBSULCATUS. Plate VII. Fig. 9, 10. 
Longthom's MSS., No. 13. 

Subrotund; ambit broad, subdepressed, with a deep 
sulcus in its centre ; constrictions wide, nearly equidistant, 
rather deep, plain, rounded, narrow below them on the 
surface, smooth, and arcuated as they pass over the ambit ; 
surface covered with transverse, strong, bifurcate, gently 
bending striae, which emanate from the umbilicus, where 
they are strong, the bifurcations terminating on the margin 
of the dorsal sulcus; umbilicus rounded, rather wide; aper- 
ture semilunar and rather small; dorsal lobe short, the 
whole lateral lobes rounded. Diameter five lines, thickness 
three lines. 

Found in nodules of Limestone Shale, in the neighbour- 
hood of Hebden Bridge. Rare. In the cabinet of Mr. 
Gibson. 

4. GoNiATiTBs DORSALis. Plate VII. Fig. 11, 12, 
13. Gibson's MSS., No. 14. 

Discoidal, subcompressed; ambit somewhat flattened, and 
subcarinated in the centre; aperture longer than wide; 
whole shell covered by numerous, fine, acute, transverse 
strisd, thick as they emanate fix>m the umbilicus, and 
become bifurcate as they diverge outwards, and are ab- 
ruptly arcuated as they pass over the side towards the 
ambit; these are crossed by rather wide-set, spiral, and 
nearly obsolete stri» , constrictions irregular, shallow, and 
striated, and considerably arcuated as they approach the 
ambit ; septa with two rounded lateral lobes ; one pointed 
lateral sinus, and a simple, rounded, central dorsal lobe. 
Diameter seven lines, thickness about one line and a half. 

Found in nodules of Limestone Shale, at High-Green 
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Wood, Vale of Todmorden. In the cabinet of Mr. 
Gibson. 

5. GoNiATiTBS JUGOsus. Plate VII. Fig. 14, 15. 
Gibson's MSS., No. 15. 

Disooidal; with five gradually enlai^g volutions, cros- 
sed by numerous, elevated, sharp, strong, oblique ribs, 
which emanate from the umbilicus, and become bifurcate, 
or trifiircate, gradually thickening as they approach the 
ambit, terminating in a gentle curve on the margin of 
the broad, smooth, dorsal sulcus, with which the slightly 
rounded ambit is invested; the sides of the shell rise 
abruptly, and have a carinated aspect; constrictions irre- 
gular, shallow, and partaking of the same curvature as the 
ribs; aperture compressed and semilunar; umbilicus very 
small and shallow ; dorsal lobe of the septa narrow, trun- 
cate, with parallel sides, lateral lobes and sinuses rounded. 
Diameter three lines, thickness one line and a half. 

This species has somewhat the aspect of G. Gibsoni^ but differs 
in the dorsal groove being smooth, and in the form of the septa. 

A rare species, found in the Limestone Shales in the 
neighbourhood of Hebden Bridge. In the cabinet of Mr. 
Gibson. 

6. GoNiATiTBS sPLBNDiDus. Plate VII. Fig. 16, 17, 
18. Gibson's MSS., No. 17. 

Discoidal, smooth, glossy; interior volutions enveloped 
in the outer one; umbilicus minute; ambit subacute; aper- 
ture large, wide, oblong-ovate; surface covered with sig- 
moidal striae; septa numerous, the dorsal lobe long and 
truncate, with the sides parallel ; dorsal sinuses trifid, with 
the first lobe very long, and rounded ; second acute ; third 
short, and obtusely angular; lateral sinuses very wide, 
divided into two parts by a very deep acute lobe, the first 
part bifid, the second rounded. Diameter nearly half an 
inch, thickness a quarter. The young form is unknown. 

Only one specimen of this beautiful species has been 
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found, at Higb-Green Wood, near Hebden Bridge, and is 
in the cabinet of Mr. Gibson. 

7. GoNiATiTBS Kbnyoni. Plate VII. Fig. 19, 20. 
Gibson's MSS., No. 20. 

Somewhat ovate, compressed, smooth, the outer volution 
enveloping the others; ambit rounded, with a thin, sharp 
carina along its centre ; umbilicus small, shaUow ; sur&ce 
covered with very minute, spiral striae, which can only be 
detected by the aid of a strong lens ; septa numerous, with 
rounded lobes and sinuses ; lateral sinus wide, double; dor- 
sal sinus simple. Diameter two lines and a half, thickness 
a third less. 

This species differs from G. Looneyi in its dorsal sinus being 
simple ; and from G, GUberUoni in having double lateral sinuses, 
and in the dorsal sinus being simple; and from both in being 
spirally striated. 

Found in the Limestone Shales, near Hebden Bridge. 
In the cabinet of Mr. Gibson. 

8. GoNiATiTES PARADoxicus. Plate VII. Fig. 21, 
22. Gibson's MSS., No. 21. 

Elliptical, subdepressed, smooth, shining ; aperture sub- 
rotund; umbilicus of moderate size, shallow, the sides 
gradually rising from it; ambit subcompressed, gently 
rounded; surfruse covered with very minute, spiral striae; 
septa with rounded lobes and sinuses; the dorsal sinus 
double, lateral sinus simple. Diameter two lines, thickness 
a line and a half. 

Distinguished from the G. KenymU by the form of its septa; 
and from the Cr. GUbertsom in being spirally striated. 

A very rare Goniatite, only one specimen having been 
hitherto found in the Shale at the bottom of High-Green 
Wood, Vale of Todmorden, and is in the cabinet of Mr. 
Gibson. 

9. GoNiATiTBS LoNGTHORNi. Plate VII. Fig. 23, 
24, 25, 26. Gibson's MSS., No. 21. 
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Elliptical, subcompressed ; with three rapidly increasiDg 
volutions; aperture ovate; umbilicus small; sides covered 
with numerous, doubly arcuated, flat, indistinct ribs ; septa 
with all the lobes and sinuses rounded and equal. Diame- 
ter twelve lines, thickness half its diameter. 

In the young condition it is smooth with directly transverse 
constrictions. 

Found sparingly in the soft Shale near Hebden Bridge. 
In the cabinet of Mr. Gibson. 

10. GoNiATiTBs Protbus. Plate VII. Fig. 27, 28. 
Gibson's MSS., No. 23. 

Discoidal, compressed^ lenticular; volutions numerous; 
umbilicus deep, funnelrshaped, exhibiting the margins of 
the volutions, the external margins of which are enveloped 
in the outer one; margin of umbilicus with an elevated 
ridge; ambit produced, slightly flattened in the centre, sides 
spirally striated, and crossed by numerous, nearly obsolete, 
lines of growth ; constrictions indistinct ; aperture oblong- 
ovate, equal to a third of the diameter of the shell ; septa 
with all the lobes and sinuses rounded. I^jameter seven 
lines, thickness two lines and a fourth. 

In the young condition it is considerably compressed, and the 
constrictions are distinct, broad, and deep; these fill up as the 
shell advances in growth. 

This shell may be distinguished from G, SptTorhis (Brown, 
Fossil Conch., p. 30, pi. 21, ^. 45, 46) in the umbilicus being 
smaller, and angular, and in its being spiraUy striated, in the 
aperture being much more elongated, in the ambit being more 
produced, and in the indentations from the volutions being more 
acute, and following the form of the septa. 

Found at Lob Mill, near Todmorden, by Mr. John 
Haworth, and is very rare. In Mr. Gibson's cabinet. 

11. GoNiATiTES PARVUS. Plate VII. Fig. 32, 33. 
Gibson's MSS., No. 35. 

Spheroidal, with straight constrictions ; umbilicus lai^e ; 
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8ur£EU^ covered with exceedingly minute, transverse striae ; 
aperture semilunar ; septa with all the undulations low and 
rounded; dorsal sinuses very wide. Diameter three-fourths 
of a line, thickness about the same. 

Found at Hoolebottom, near Todmorden, and is in the 
cabinet of Mr. Gibson. 

12. GoNiATiTBs MiNUTissiMUs. Plate VII. Fig. 29, 
30, 31. Gibson's MSS., No. 26. 

Discoidal, subglobose, smooth; with three rounded 
volutions, the inner ones only half concealed; aperture 
semilunar; umbilicus large, moderately deep; septa un- 
known. Diameter one-third of a line. 

This rare and handsome Goniatite is the smallest known 
species. It was found among the remains of some un- 
known fossil plants, at Millwood, near Todmorden, and is 
in the cabinet of Mr. Gibson. 

13. GoNiATiTBS Smithii. Plate VII. Fig. 34, 35. 
Gibson's MSS., No. 27. 

Discoidal, subglobose, very thick; sides narrow; ambit 
very broad, slightly produced in the centre; umbilicus very 
large, funnel-shaped, and deep, exposing the margins of 
the inner volutions, and with an acute margin; aperture 
semilunar; constrictions directly transverse; the whole 
surface covered with strong, regular, transverse, slightly 
waved striae; aperture semilunar, narrow; septa, dorsal lobe 
simple and rounded, dorsal sinus rounded and very small ; 
first and second lateral lobes angular, with their edges 
parallel; lateral sinus rounded. Diameter eight lines, 
thickness about six lines and a half. 

This species differs from G. Listeri in the form of the septa. 

This rare Goniatite is found associated with the G. Pro- 
teu8 at Millwood, near Todmorden. 

Named by Mr. Gibson in honor of his friend Mr. Smith of 
Bury, Lancashire. 
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It may be interestiiig to the loeal geologist to know that 
the following abready described Goniatites are to be met 
with in the Vale of Todmorden. 

13. 6. LiSTERi. Coal Shales, near Todmorden. 

14. G. MUTABiLES. Coal Shales, near Todmorden. 

15. G. CALYX. Coal Shales, near Todmorden. 

16. G. YBSiCA. Limestone Shales, near Todmorden. 
17* G. STRiOLATUS. Calcareous l^odules, near Tod- 
morden. 

18. G. RETicuLATUS. Limestone Shales, near Hebden 
Bridge. 

19. G. EXCAVATUS. High-Green Wood, and at the 
Summit Tunnel. 

20. G. STENOLOBus. High-Green Wood. 

21. G. PAUCiLOBUS. Limestone Shales, near Hebden 
Bridge. 

22. G. MicRONOTUs. Limestone Shales, near Hebden 
Bridge. 

23. G. GiBsoNi. Limestone Shales, near Hebden 
Bridge. 

24. G. LooNEYi. Calcareous Nodules, High-Green 
Wood. 

25. G. DiscREPANS. High-Green Wood. 

26. G. SERPENTiNUS. Hoolcbottom, near Todmorden. 

FAMILY ORTHOCERATA. 
Genus ORTHOCERA.— iaworcA. 

1. Orthocbra obtusa. Plate VII. Fig. 36. Gib- 
son's MSS. 

Shell erect, taper, slightly compressed ; surface smooth, 
covered with undulating, transverse striae ; the point for a 
quarter of an inch destitute of striae, next which the striae 
are very fine and close-set, gradually widening as they 
ascend, and becoming more undulous. Diameter near the 
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base three-quarters of an inch, greatest known diameter an 
inch and an eighth. 

Found at High-Green Wood, near Hebden Bridge, in 
the Vale of Todmorden, by Mr. Gibson, and is in his 
cabinet. 

2. Orthocbra microscopica. Plate VII. Fig. 37, 
38. Gibson's MSS. 

Shell taper, smooth; with the septa remote; aperture 
semioval. Length a line, thickness not the fourth of a 
line. 

Found at High-Green Wood, Vale of Todmorden. In 
the cabinet of Mr. Gibson. 

3. Orthocbra ascicularis. Plate VII. Fig. 39. 
Gibson's MSS. 

Shell very long, and tapering rather abruptly ; smooth ; 
septa numerous, transversely parallel, regular, and increas- 
ing with age; aperture circular; sephuncle near to one 
side. Length almost an inch and an eighth, diameter at 
aperture not an eighth of an inch, and a third of an eighth 
at the base. 

Found in the soft Shale at Todmorden, and is in the 
cabinet of Mr. Gibson. 

4. Orthocbra Brownii. Plate VII. Fig. 40. Gib- 
son's MSS. 

Shell subulate, arcuated; with seven longitudinal, ele- 
vated ribs; giving the shell a septangular form; general 
surface smooth ; septa numerous, undulating, more remote 
as they ascend. Length one inch and a quarter, diameter 
one-sixth. 

Found at Todmorden, and in the cabinet of Mr. 
Gibson ; by whom it was named after the author. 

Gbnus BEL£MNITES.— ZratnarcA. 
1. Bblbmnitbs Gibsoni. Plate VII. Fig. 41. 
Shell tapering gradually, smooth, and shining; aperture 
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nearly circular. Length five-eighths of an inch, diameter 
at aperture an eighth of an inch. 

Found at Crimsworth Dean, in the Limestone Shale, 
and is in the cabinet of Mr. Gibson. 

Named in honor of Mr. Gibson. 



ORDER TRACHELIPODA. 

FAMILY PURPURIFERA. 

Genus BUCCINUM — Lamarck. 

1. BucciNUM Manni. Plate VIL Fig. 53, 54. 
Shell oblong-ovate; body and spire of equal length ; the 

latter furnished with four gradually tapering volutions, not 
very deeply divided, terminating in an acute apex; aperture 
with a short central canal at its base. Length two-tenths 
of an inch, diameter half its length. 

Found at High-Green Wood. 

Named in honor of Robert Mann, Esq., surgeon, Manchester. 

2. BucciNUM GiBsoNi. Plate VIL Fig. 48, 49. 

Shell ovate, smooth; body large; spire very small, con- 
sisting of three rapidly diminishing volutions, terminating 
in an acute apex; aperture oblong-ovate, a little contracted 
both above and below; outer lip sharp, even; pillar lip 
slightly reflected on the columella. Length half an inch, 
diameter about three-quarters of an inch. 

Found at High-Green Wood, near Todmorden, and is 
in the cabinet of Mr. Gibson. 

3. BucciNUM BLEGANS. Plate VIL Fig. 50, 51. 
Shell oblong-ovate, smooth, glossy ; body large, ventri- 

cose ; spire of medium length, consisting of four gradually, 
rapidly diminishing, but not deeply divided, volutions, ter- 
minating in an acute apex; aperture oblong-ovate, con- 
tracted above and rounded below; outer lip sharp, and 



Digitized by 



Google 



222 Capt. Brown on same New 

even. Length a quarter of an inch, diameter one-eighth of 
an inch. 

Found at High-Green Wood, near Todmorden, and is 
in the cabinet of Mr. Gribson* 

4. BucciNUM Flemingii. Plate VII. Fig. 52. 

Shell oblong-ovate, smooth, glossy; body large; spire 
short, consisting of three well defined and rapidly diminish- 
ing volutions. Length three-eighths of an inch, diameter 
three-sixteenths of an inch. 

Found at High-Green Wood, near Todmorden, by Mr. 
Greenwood, and is in his cabinet. 

Named in honor of Dr. William Fleming, of Broughton View, 
Pendleton. 

FAMILY TURBINACEA. 
Genus PYRAMIS Brown. 

Shell generally subulate, gradually tapering to 
a point; body usually short, and the spire long; 
volutions but slightly divided by the suture in 
most species, and seldom inflated ; aperture mostly 
oblong-ovate, placed nearly perpendicular, with its 
upper angle contracted for the most part ; outer lip 
rarely continuous. 

1. Ptramis rbticulatus. Plate VII. Fig. 42, 43. 

Shell subulate ; body shorter than the spire, which con- 
sists of six inflated, rapidly decreasing volutions, well 
defined by a deep suture, andJerminating in an acute apex; 
aperture slightly ovate, contracted above, alhd rounded 
below; pillar lip not reflected on the columella; outer lip 
thin, plain, and sharp on the margin; whole shell decus- 
sated with fine distinct, spiral^ and longitudinal striae. 
Length five-eighths of an inch, diameter nearly three- 
eighths. 
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Found at Crimsworth Dean, near Hebden Bridge, and is 
in the cabinet of Mr. Gibson. 

2. Pyramis Oweni. Plate VII. Fig. 44, 45. 

Shell subulate, smooth ; spire long ; body short, about a 
third of the length of the shell ; spire consisting of six well 
defined, moderately inflated, and slightly oblique volutions, 
terminating in an obtuse apex ; aperture subrotund, a little 
contracted above, rounded beneath; outer lip strong, and 
even. Length a quarter of an inch, diameter a tenth of 
an inch. 

Found at Crimsworth Dean, near Hebden Bridge, and is 
in the cabinet of Mr. Gibson. 

Named in honor of John Owen, Esq., of Hollybank, one of 
the Secretaries of the Natural History Society of Manchester. 

FAMILY SCALARIA. 
Gbnus cirrus Sowerby. 

1. Cirrus Gloveri. Plate VII. Fig. 46, 47. 

Shell conoidal, smooth, glossy ; body very large, much 
inflated ; spire very small, consisting of three rapidly dimi- 
nishing, ventricose volutions; aperture round; inner lip 
slightly reflected on the columella, with a shallow umbilicus 
behind it ; outer lip thin, and even. Length three-eighths 
of an inch, diameter three-sixteenths of an inch. 

Found at High-Green Wood, near Hebden Bridge, by 
Mr. Gibson, and is in his cabinet. 

Named in honor of Thomas Glover, Esq., of Smedley Hill. 



ORDER GASTEROPODA. 

Gbmos PILIOPSIS. 
1. PiLBOPSis MiNtTTDS. Plate VII. Fig. 55, 56, 
57. 

Shell smooth, glossy, conical, with the vertex slightly 
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spiral and inflected; aperture subovate, and expansive. 
Diameter about a line. 

Found at High-Green Wood, near Todmorden, and is 
in the cabinet of Mr. Gibson. 

Gbnus patella. 

1. Patblla Greenwoodi. Plate VIL Fig. 58, 59. 

Shell subovate, conical, smooth, slightly wrinkled, trans- 
versely subdepressed ; the vertex inclined anteriorly. 

Found in the Limestone Shale, near Hebden Bridge. 

Named by Mr. Gibson in honor of Mr. James Grreenwood of 
Todmorden, an industrious collector of fossils. 



CLASS CONCHIFERA. 
ORDER I.— MONOMYAIRA. 

FAMILY BRACHIOPODA. 

Genus SPIRIFER Sowerby. 

1. Spirifbr Glovbri. Plate VIL Fig. 60, 61. 
Shell nearly circular, very convex; the valves with 

rounded sides; both valves with a central furrow, which 
widens as it retires from the umbones, deep in the upper 
valve, and shallow and more effuse in the under valve; 
beaks produced, rounded, and rather near; both valves with 
divergent striae, crossed by distinct lines of growth ; lower 
margins of valves flexous, the central base of the upper one 
terminating in a considerably produced beak, and hollow in 
the opposite valve; hinge line rather short. Length nearly 
three-quarters of an inch. 

This species differs from S, globularis in being spirally striated. 

Found in the lower scar Limestone Gravel at Sheden 
Clough, near Cleviger, and is in the cabinet of Mr. 
Gibson. 

2. Spirifbr filaria. Plate VIL Fig. 62, 63. 
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Shell nearly orbicular, rather fiat ; beaks small, pointed, 
and contiguous, but not inflated ; exterior surface coyered 
with five divergent, longitudinal striae, crossed by nume- 
rous lines of growth ; inside of valves with five divergent 
striae ; hinge line very short. Length three-quarters of an 
inch. 

Found near Settle. In the cabinet of Mr. Gibson. 

FAMILY MALLEACEA. 
Genus AVICULA. — Lamarck. 

1. AvicuLA oBLiQUA. Plate VII. Fig. 64. 
Subdepressed ; valves very oblique; hinge line nearly 

parallel, and long; with numerous, elevated, divergent, 
longitudinal ribs, emanating from the slightly produced 
umbones, and terminating a little beyond the margins, 
giving them a fine crenulated appearance, crossed by 
numerous lines of growth ; provided only with small ante- 
rior ears, destitute of ribs. Length nearly half an inch, 
breadth the same. 

Found at Crimsworth Dean. 

2. AvicuLA Samublsii. Elate VII. Fig. 65. 
Semicircular, wider than long; hinge line parallel, no 

distinct ears; umbones small, pointed, and but slightly 
produced beyond the hinge line ; whole shell covered with 
longitudinal, divergent ribs, which emanate from the um- 
bones, and pass to the margins, over which they protrude, 
and give a fine pectinated appearance ; crossed by numer- 
ous, distinct lines of growth. Length upwards of a quarter 
of an inch, breadth a third more. 

Found at High-Green Wood. 

Named in honor of |Dy respected friend John Samuels, Esq., of 
Barton House, Manchester. 

Genus CATILLUS. — Brongniart. 
1. Catillus Kirkmani. Plate VII. Fig. 66. 
Q 



Digitized by 



Google 



226 Capt. Brown on some New 

Oblong-ovate, convex, smooth; sides nearly equal, mark- 
ed with four concentric lines of growth ; the umbones pro- 
minent, central, and rounded, with several inequidistant, 
concentric lines of growth ; margins sharp, and even. 

Found at High-Green Wood, Todmorden, and is in the 
cabinet of Mr, Greenwood of Todmorden. 

Named in honor of my friend Thomas Kirkman, Esq., of 
Springfield-lane, Salford. 

2. Catillus LiEvis. Plate VII. Fig. 67- 

Shell oblong-ovate, smooth ; with numerous concentric, 
nearly obsolete wrinkles ; umbones small, rounded, and but 
slightly produced. Length nearly three-quarters of an 
inch, breadth half an inch. 

Found at High-Green Wood. 

3. Catillus costatus. Plate VII. Fig. 68. 

Shell oblong-ovate ; with numerous, very flat, longitudi- 
nal, divergent lines of growth, emanating from the um- 
bones, and* one terminating on the margins; these are 
crossed by numerous, distinct lines of growth. Length 
half an inch, breadth three-eighths. 

Found in the Vale of Todmorden, and is in Mr. Gibson's 
cabinet. 

4. Catillus obliquatus. Plate VIL Fig. 69. 

Ovate, smooth ; umbones rather large, and placed con- 
siderably to one side ; surface with several distinct lines of 
growth; sides unequal, one considerably produced, the 
other short, and nearly straight. 

Found at High-Green Wood, and is in Mr. Gibson's 
cabinet. 

5. Catillus minutus. Plate VIL Fig. 71, 72. 
Shell modiolaform, much elongated, smooth; with dis^ 

tinct, concentric lines of growth ; umbones small, rounded, 
and placed to one side. Length about one line, breadth 
two-thirds its length. 

6. Catillus Kellyii. Plate VII. Fig. 73. 
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Shell mytiUform, elongated, smooth; with concentric 
lines of growth ; umbones small, rounded, and considerably 
turned to one side; valves narrow above, and wide, and 
rounded towards the base. 

Named in honor of my esteemed friend M. J. O'Kelly, £sq^ 
of Rochestown House, County of Dublin, one of the earliest and 
most zealous promoters of Conchology in Ireland. 

Genus GERVILLIA Defrance. 

1. Gbrvillia minor. Plate VII. Fig. 70. 

Shell very oblique; umbones flat, placed much to one 
side; hinge line long, straight; surface with numerous, 
concentric, strong, rude wrinkles, with lesser intermediate 
ones. Length three-eighths of an inch, breadth three- 
quarters of an inch. 

Found at High-Green Wood. 

FAMILY MYTILACEA. 
Genus MODIOLA. — Lamarck. 

1. MoDioLA MooREi. Plate VII. Fig. 74. 

Shell transverse, subcuniform, inflated, smooth; base 
oblique, pointed at one side; beaks small, acute; with 
many concentric, strong lines of growth, and very fine, 
intermediate, irregular strise over the surface, which can 
only be discovered by the aid of a strong lens ; posterior 
slope extending considerably beyond the umbones. Length 
an eighth of an inch, breadth somewhat more. 

Found at Crimsworth Dean, in the Vale of Toditiorden, 
by Mr. Gibson, and is in his cabinet. 

Named in honor of John Moore, Esq., of Old Sale Hall, one 
of the earliest cultivators of Natural History in Manchester, and 
one of the founders of the Manchester Natural History Society. 

2. MoDioLA MiNUTA. Plate VII. Fig. 75. 
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Shell transversely oblong-ovate, smooth; umbones small, 
and considerably produced and pointed; anterior side con- 
siderably rounded. Length an eighth of an inch, breadth 
something more. 

Found on a Calamite in Shale, at Low Moor, near 
Bradford. 



ORDER II.— DIMYAIRA. 

FAMILY CONCH ACE A. 

Genus CYTHER^A.— iawmrcA. 

1. Cytherjea antiqua. Plate VIL Fig. 76. 

Shell smooth, thick; umbones but little produced, 
slightly turned to one side. Length and breadth about 
an eighth of an inch. 

Found in the Limestone Shale, Vale of Todmorden. 

Genus ARTEMIS.— Poff. 

1. Artemis parva. Plate VII. Fig. 77. 

Shell smooth, nearly orbicular; umbones a little turned 
to one side; surface with a few distant, distinct lines of 
growth. Diameter somewhat more than the eighth of an 
inch. 

Found in the Ironstone Shale. 

FAMILY NYMPHACEA. 
Genus lL\iCVi^k.—Bruguiire. 

1. LuciNA DUBiA. Plate VIL Fig. 78. 

Shell nearly orbicular, considerably inflated; umbones 
large, rounded; surfisu^e with many concentric ridges. Dia- 
meter an eighth of an inch. 

Found at High-Green Wood. 
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CLASS ANNELIDES. 
ORDER SEDENTARIiE. 

Gbnus VERMILIA.— iamarcA. 

1. Vermilia minuta. Plate VIL' Fig. 79. 

Shell smooth, generally semilunar ; aperture subtriangu- 
lar, gradually tapering to a sharp point. Exceedingly 
minute, and can only be seen by the aid of a strong lens. 

Found in the Shale adhering to a specimen of Pecten 
dubiusy and is in the cabinet of Mr. Gibson. 
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NoUt hf Mr. Fairbairn, to Article IX. 



The observations in the Paper read before the Manches- 
ter Geological Society on the 29th of October, 1840, were 
confined to the improvements which have taken place in the 
construction of the various parts of the Steam Engine^ and 
the principle on which the peculiarity of the Cornish system 
of pumping depends. 

It must not be imagined, however, that the whole merit 
of the process rests exclusively with the engine. The 
management of the Boilers, and the arrangement of the 
Pit-work, are matters requiring equal consideration and 
attention. 

In the Pit-work, it is absolutely necessary to have the lift- 
ing pumps and plungers arranged, and the preponderance of 
the descending weight in the pit adjusted, so as to effect the 
return stroke at as nearly as possible a maximum velocity. 
Judging from my own experience, and that of the best 
Cornish engineers, I should consider that the in-door, or 
working stroke, should move at a rate of 250 feet, and the 
out-door, or return stroke, at about 140 feet per minute. 
Peculiar circumstances, arising probably from the number 
of strokes to be performed and the quantity of water to be 
raised, occasion considerable variations in the speed; but 
the general opinion appears to be in favour of nine strokes 
per minute, and the above velocity is probably the nearest 
approach to a maximum duty. 

In the Boilers, the principle of construction, the capacity, 
flues, furnaces, &c., require the strictest attention. Slow 
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combustion and abundance of boiler space are important 
desiderata — equally essential to the economical management 
of the common condensing engine, as to the Cornish prin^ 
ciple of expansive working. 

These points properly attended to, combined with the 
best description of clothing, would tend greatly to reduce 
the consumption of fuel, and consequently effect consider- 
able saving in the working of our mines. 
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t>LATE VIII. Illustrating Art. IX. On Raising Water from Mines; 
by Mr. Fairbairn. , p. 179. 

Fig. 1 is taken from the drawings of a pumping engine made in the year 
1839-40, for Messrs. BioUey et Fils, of Verviers, in Belgium. 

The cylinder a is 70 inches diameter with double working beams b, 
bolted together, each 30 feet long, 5 feet 10 inches deep in the centre, and 
constructed upon Mr. Eaton Hodgkinson's principle of the strongest section. 
The top and bottom ribs are parabolas, and from their form are calculated 
to sustain great pressure, and to resist the shocks of impact to which engines 
of this description are subject. 

The stroke in the cylinder and pit is 10 feet, and the air pump £ (35 
inches diameter) is worked fr^m the outer end of the Jarge beam at c. 
Both the air pump e and condenser F are placed near .to the shaft, having a 
long eduction pipe G, and supplied with water from the adit by the pumps d. 
The steam and eduction valves are upon the equilibrium principle; they 
are worked by the plug rod s, and regulated by the cataract in the usual 
manner. > 

Figs. 2, 3, and 4 represent the pit-work, and sectional views of the pumps 
and plungers. Fig. 2 shews the position of the pump rods H and plunger 
pump I below the adit, or point of discharge. Fig. 3 is a sectional view of 
the lower plunger pump and valves, with the rod M descending to the lifting 
pump N (fig. 4) which terminates in the well at the bottom of the pit. K 
is the plunger pole, in its descent forcing through the valve L into the barrel 
communicating with the upper lift, the water previously raised by the lifting 
pump N. The whole depth of the pit is 720 feet, and the pumps are divided 
into three lifts as follows : 

First, A double set of bucket pumps, each 120 feet long (one set being 
kept in reserve), to lift from the bottom of the pit to the first cistern. 

Second. A set of plunger pumps 180 feet long, forcing the water from 
the first to the second cistern ; and lastly, another set of plunger pumps of 
the same length (160 feet) forcing the water from the second cistern to the 
point of discharge, through an adit 240 feet below the top of the shaft. 
T'rom the adit, a portion of the water is raised by two sets of plunger 
pumps, each 120 feet long (d fig. 1), to supply the condenser. 

PLATE IX. Indicator diagrams referred to in pp. 190, 191. 
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Oultou Park, Tarporley. 
Ellison, Thomas, Glossop Hall, Glossop. 
EmhletOHy T. W^ Middleton Colliery, Leeds. 
Emmott, George, Oldham. 

EnnUMUen, Earl of, D.C.L. F.R.S. & G.S., Florence Court, 
Fermanagh. 

Fairbairn> William, Polygon, Ardwick. 
Fawdington, William, Marsden-square, Manchester. 
Faux, Edward, Irwell Castle, Pendleton. 
Fleming, William, M.D., Broughton View, Salford. 
Fletcher, Samuel, Parker-street, Manchester. 
Eraser, J. W., Spear-street, Manchester. 

Gardner, Lot, 31, High-street, Manchester. 
Glover, Thomas, 32, Mosley-street, Manchester. 
Graham, John, Mayfield, Manchester. 
Greaves, George, Egerton-terrace, Manchester. 
Greaves, John, Vicar's Hill House, Lymington. 
Green, James, Ejiowsley, Prescot. 
^^^^Greenough, G. B., F.R.S. GJS. L.S. ff.S. Sf M.R.A.S^ 
Regent's Park, London. 
Greg, Robert H., F.G.S., Chancery-lane, Manchester. 
Greg, W. Rathbone, Chancery-lane, Manchester. 
Grimshaw, Samuel, jun., M.A., Errwood, Buxton. 

Hadfield, George, Fountain-street, Manchester. 
Haliburton, Alexander F., Whitley, Wigan. 
HaU, EUaSy Castleton, Derbyshire. 
Hall, Samuel, Lever-street, Manchester. 
Hamilton, Thomas, Princess-street, Manchester. 
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HarrisoD) J. G., 97, Piccadilly, Manchester. 

Harter, William, York-street, Manchester. 

Hawkshaw, John, F.G.S., Bolton Railway Office, Salford. 

Herford, James, King-street, Manchester. 

Heron, Joseph, 21, Princess-street, Manchester. 

Hertz, James, 51, Mosley-street, Manchester. 

Heywood, Sir Benjamin, Bart., Claremont, Manchester. 

Heywood, James, F.R.S. & G.S., Acresfield, Manchester. 

Hick, Benjamin, Soho Works, Bolton. 

Higson, Peter, Clifton, Bolton. 

Hodgkinson, Eaton, F.R.S., 21, Granhy-row, Manchester. 

Holmes, Charles, Long Orrell Hall, Wigan. 

Holroyde, Elkanah, Long Millgate, Manchester. 

ff ornery Leonard^ F.R.S. L. Sf E. ^ G.S., 2, Bedford-place, 
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Hulton, William, F.G.S , Hulton Park, Bolton. 
Sutton, FT., F.G.S., Newcastle-upon-Tyne. 

James, Paul Moon, Mosley-street, Manchester. 
Jones, Joseph, jun., Walshaw House, Oldham. 
Jones, William, Hope House, King-street, Oldham. 

Kay, Alexander, Cross-street, Manchester. 
Elirkman, Thomas, Springfield, Salford. 
Knowles, Thomas, Pendlebury, Manchester. 

Lacy, Edward, 22, Oxford-street, Manchester* 

Langshaw, Captain, The HoUins, Bolton. 

Langton, William, Saint Ann's-street, Manchester. 

Lingard, J. R., Stockport. 

Livesey, Thomas, Chamber Hall, Oldham. 

Lees, Henry, Newion and Dukinfield Colliery. 

Lees, James, Police-street, Manchester. 

Longshaw, J., Pendleton, Manchester. 

Looney, Francis, F.G.S., 8, Whittle-street, Manchester* 

Lowe, John, 75, Great Jackson-street, Manchester. 

Loyd, Edward, Bank, King-street, Manchester. 
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LyeU, Charlesy jun.y M.A. F.R.S. G.S. ^ L.S^ 16, Hart- 
street, Bloomsbury-square, London. 
Lyon, Edmund, M.D.» 11, Falkner-street, Manchester. 

Malet, George, 5, Mawdsley-street, BoUon. 
Mann, Robert, Great Bridgewater*street, Manchester. 
Marsland, Martini Stockport. 
Marsland, Thomas, Stockport. 
Meadows, James, Ashton Canal Office, Manchester. 
Mellor, William, Ardwick. 
Milne, Joshua, High Crompton, Oldham. 
Moore, John, Clifton Colliery, Bolton. 
Moore, John, F.L.S., Cornbrook House, Sale. 
Moore, Thomas, Bolton. 

Moore, William C, Mill-street, Ancoats, Manchester. 
Morton^ Charles^ Darton, Barnsley. 
Moult, William, Knowsley. 
MulUner, Thomas, Clifton Colliery, Bolton. 
^Murchison, E. T^ F.R.S. G.S. ^ L.S., 2, Upper Eccleston- 
street, Belgrave-square, London. 

Nield, William, 5, Friday-street, Mandiester. 
Newbold, John S., M.D., 23, Falkner-«treet, Manchester. 
Nicholson, William, 43, Princess-street, Manchester. 
Norreys, R. J. J., Davyhulme Hall, Manchester. 
Norris, Thomas, F.L.S^ Redivales, Bury. 
Norwich, Edward Stonley, D.D., Bishop of, F.G.S. & L.S., 
Palace, Norwich. 

Oaks, J., Ridding's Hall, Alfreton, Derbyshire. 

Ogden, John, Oaks, Oldham. 

Orford, Richard, Higli-lane, Stockport. 

Ormerod, Edward, Portland-place, Manchester. 

Ormerod, George, L.L.D. F.R.S. S.A. & G.S., Sedbury Park, 

Gloucestershire* 
Ormerod, G. Wareing, M.A. F.G.S., Essex-street, Manchester. 
Ormerod, Henry Mere, Essex-street, Manchester. 



Digitized by 



Google 



10 

Part, Thomas, Wigan. 

Peace, William, Haigh, Wigan. 

Peet, Thomas, Saint James's-square, Manchester. 

Philips, Mark, M.P., Church-street, Manchester. 

PhUlips, Johuy FM.S. ^ G.S^ York. 

Phillips, Robert, Heybridge, Staffordshire. 

Phillips, Shakspear, Chancery-lane, Manchester. 

Pickford, Thomas, Dickinson-street, Manchester. 

Poppleton, Charles, Higher Hillgate, Stockport. 

Ramsden, Josh., Top Hill House, Clifton, Bolton. 

Rayner, William, M.D., Stockport. 

Read, William, Saint Mary's-gate^ Manchester. 

Roberts, Richard, Falkner-street, Manchester. 

Robinson, R. W., M.D., Mosley-street, Manchester. 

Ross, William, Leaf-square, Salford. 

Rothwell, Peter, Union Foundry, Bolton. 

Satterfield, Joshua, Saint Ann's-square, Manchester. 
Sedgwicky Rev. -4., M.A. F.R.S. ^ (t.51, Cambridge. 
Sharp, Thomas, Falkner-street, Manchester. 
Shuttleworth, John, Stamp Office, Manchester. 
Simpson, Richard, Mellor I^odge, Marple, Cheshire. 
Smith, J. A., Granby-row, Manchester. 
Smith, G. S. Fereday, M.A. F.G.S., 2, Essex-street, Man- 
chester. 
Swire, Samuel, Portland House, Ashton. 

Talbot, John Hawkshead, Wrightington, Wigan. 
Taylor, John, Hargreaves, Oldham. 
Taylor, John Edward, Manchester. 
Taylor, Samuel, Eccleston Hall, Prescot. 
Thicknesse, Ralph, jun., Wigan. 
Tidswell, Benjamin Kay, King-street, Manchester. 
Tootal, Edward, York-street, Manchester. 
Tootal, Henry, York-street, Manchester. 
Townend, Thomas, Market-street, Manchester. 
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Vernon, Lord, Poynton, Stockport. 

Wadsworth, George, 12, Princess-street, Manchester. 
Walker, John, Wakefield. 

* Walker, J. N., F.G.S., Caldeston, Liverpool. 

* Walker, Samuel, Prospect Hill, Pendleton. 
Walker, Rev. W. Fuller, Greenacres Moor. 
Wallace, Rev. R., New College, Manchester. 
Whewelly Rev.W., B.D. F.R.S. ^G.S^ Cambridge 
Williamson, J. H., Stone Trough Colliery, Newcastle, Stafford- 
shire. 

Wilson^ Thomasy Banks, Bamsley. 

Wilson, W. J., Mosley-street, Manchester. 

Winstanley, Thomas Woodcock, 2, Essex-street, Manchester. 

Wood, W. Rayner, 14, Somerset-street, Manchester. 

Woodcroft, Bennet, 7, Port-street, Manchester. 

Yates, James, M^. F.L.S. ^ G.S^ 49, Upper Bedford-place, 
London. 
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